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THE MECHANISM OF REAERATION IN NATURAL STREAMS* 


Donald J. O’Connor,! J.M. ASCE, 
and William E. Dobbins,2 M. ASCE 
(Proc. Paper 1115) 


SYNOPSIS 


The basic theory of turbulent flow has been applied successfully to explain 
many phenomena occurring in natural and artificial waterways. In this study, 
turbulent flow theory, both isotropic and non-isotropic, has been utilized to 
formulate the theory of reaeration in natural streams, which have been sub- 
jected to deaeration by the biological oxidation of organic matter. The gener- 
al differential equation of the oxygen balance in a river is accepted as the 
basis for the analysis and a theoretical derivation of the reaeration coefficient 
is presented. Experimental work on reaeration under turbulent conditions 
was conducted to verify the theoretical development. Field data from sani- 
tary river surveys are presented to show the comparison between the theor- 
etically calculated and the observed values of the reaeration coefficients. 
Both this comparison and the experimental work substantiate the derived 
formulae. 


INTRODUCTION 


The discharge of organic impurities, such as municipal sewage and indus- 
trial wastes, into a body of water presents a problem of primary importance 
in the field of sanitary engineering. The decomposition of this orgenic matter 
by bacteria in their metabolic processes results in the utilization of the dis- 
solved oxygen. The replacement of oxygen by reaeration occurs through the 
water surfaces exposed to the atmosphere. An increase in the concentration 
of organic matter stimulates the growth of bacteria and the oxidation proceeds 
at an accelerated rate. The concentration can be so great that there results a 
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condition in which the receiving water body is completely devoid of dissolved 
oxygen. Every stream then is limited in its capacity to assimilate organic 
wastes; but, within this limit, there is no more economical method of waste 
disposal. Evaluation of the natural purification capacity of a stream, there- 
fore, is of fundamental and practical value. Essential to this evaluation is the 
knowledge of the rates of deoxygenation and reaeration. It is the purpose of 
this paper to present a mathematical development of a theory, which describes 
the mechanism of reaeration in natural streams. 


Review of Previous Work 


The relationship between the deoxygenation of polluted water and the re- 
oxygenation, or reaeration, establishes a pattern in the dissolved oxygen con- 
centration, known as “the dissolved oxygen sag.” The theoretical analysis of 
this relationship has been presented in the classical work of Streeter & 
Phelps.(1) The differential equation, which describes the combined action of 
deoxygenation and reoxygenation is as follows: 


aD KL -KD (1) 
art 


This equation states that the net rate of change in the dissolved oxygen satur- 
ation deficit is equal to the algebraic sum of two independent rates. The first 
is that of the oxygen utilization reaction caused by the bacteria in the stabi- 
lization of organic matter. This reaction increases the oxygen deficit, D, at 
a rate which is proportional to the concentration of the organic matter, as 
expressed by the biochemical oxygen demand, L. The proportionality factor, 
K1, is a temperature function. The second rate is that of reaeration, which 
replenishes the oxygen utilized by the organic matter. Reaeration is propor- 
tional to the dissolved oxygen deficit and the negative sign indicates that it 
decreases the deficit. The proportionality factor, Ko, is also a temperature 
function, but, more important, is a function of the turbulence of the stream. 
Integration of equation (1) results in 


okt - ~k,t 
[10 1d | + 


In this equation Lo and Do are respectively the initial biochemical oxygen de- 
mand and initial dissolved oxygen deficit, and kj and kp are the proportion- 
ality constants, based on common logarithms. D, is the dissolved oxygen 
deficit at time t. It is the specific purpose of this work to present a funda- 
mental derivation of an equation defining the reaeration coefficient, ko. 

If there is no utilization of the dissolved oxygen within the body of water, 
the rate of reaeration may be expressed in the following mathematical form: 


(3) 


which integrates to 
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Streeter & Phelps(1) found that the reaeration coefficient, kz, was influ- 
enced by the hydraulic and physical characteristics of the river channel. The 
relationship between the coefficient and these characteristics was empirically 
formulated as follows: 


ke (5) 


in which 
«2 = reaeration coefficient - per day 
U = velocity of flow - fps 
H = depth above low water - ft. 


cy - ny = empirical constants, depending on the physical and 
hydraulic conditions of the channel. 


The constant nj was related to the function “mean velocity increase per five 
ft. increase in river stage.” The constant c, was related to the slope of the 
channel and to an irregularity factor,” which is a measure of the relative 
roughness of the channel bottom. 

At approximately the same time that Streeter & Phelps presented the re- 
sults of the Ohio River Studies, Lewis & Whitman(2) proposed the two-film 
theory of mass transfer. In the absorption of a gas by a liquid, the gas must 
diffuse from the gas phase to the liquid phase. The theory is based on the 
assumption of two films, located at the interface, through which the gas must 
pass by molecular diffusion and below which the concentration of the dissolved 
gas is uniform. 

For a gas of low solubility, such as oxygen in water, it has been shown that 
the resistance of the gas film is negligible by comparison tc that of the liquid 
film. For this case, the Lewis & Whitman equation may be expressed as 
follows: 


Vide, K (6) 


in which 
N = rate of mass transfer per unit time per unit area 
A = area through which diffusion occurs 
V = volume of the liquid 
Ky, = liquid film coefficient 


H 
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Cs = concentration at the gas liquid interface 
c = concentration in the body of the liquid 


Extensive work has been done and reported in the literature on film coef- 
ficients (3), (4), (5), and several empirical relationships have been proposed 
relating these coefficients to the turbulence factors—such as the power input 
of impellers, peripheral speeds and superficial air velocity. The validity of 
the two-film concept has not been adequately tested but it has provided a con- 
venient method of analysis and a means of reporting data on gas absorption. 
From equations (3) and (6) it follows that 


ke Ke (7) 


2.34 


in which 


H = average depth of the liquid 


It has been assumed in equations (3) and (6) that the concentration of the 
dissolved oxygen throughout the depth of the liquid is uniform at any particu- 
lar time and that the diffusion through the depth does not control the overall 
rate of oxygen transfer. 

In the case of a stagnant body of liquid, the rate of absorption is governed 
by the rate at which oxygen is transferred by molecular diffusion throughout 
the depth as given by Fick’s law of diffusion: 


Ot 


in which 
Dy, = coefficient of molecular diffusion (diffusivity) 


“Oem - time rate of mass transfer 


@e = concentration gradient in direction of diffusion 


From equation (8), it may be shown that 


(9 


Equation (9) states that the rate of change of concentration of the dissolved 
gas occurring at any point y is proportional to the differential of the concen- 
tration gradient. 
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Black & Phelps(6) employed equation (9) in a mathematical analysis, as- 
suming the foliowing boundary conditions: 


=Co wheny >0 ,t=0 
c=cg " y=0,t>0 


the axis being taken so that y = o at the surface. 
Using these conditions, they presented a formula for the average concen- 

tration of oxygen in a column of water, H ft. deep which expressed in terms of 

the dissolved oxygen deficit is: 


-«K -75K 
2 


in which 
x. 7 Ot 
4 


t time eAposure 


On the basis of this equation and experimental determination, Phelps ar- 
rived at a value of 1.42 square contimeters per hour at 20° C. for the coef- 
ficie::t of molecular diffusion. The International Critical Tables (7) gives a 
value of the diffusion coefficient of oxygen in water as 0.0713 square conti- 
meters per hour at 18° C. It has been pointed out by other investigators(8) 
that Phelps apparently measured the combined effects of molecular and eddy 
diffusion in his experimenta: system. In order to apply the above equation to 
turbulent flow in a river, Phelps(9) assumed that “the actual existing condi- 
tions of turbulence can be replaced by an equivalent condition composed of 
successive periods of perfect quiescence between which there is imposed in- 
stantaneous and complete mixing. The length of the quiescent period then be- 
comes the time of exposure in the diffusion formula, . . . (equation 10). 
Velz(10) determined empirically that the logarithm of this time is a linear 
function of the forward flow velocity and increases with the depth of flow. The 
rate of change in the dissolved oxygen deficit may be determined by a stepwise 
procedure. 

Equation (9) may be integrated, assuming different boundary conditions: 


=Co wheny >0,t=0 
" y=0,t>0 
C=Cgo " y=,t>0 


Employing these conditions, it may be shown (11) that the rate of transfer 
across the surface, 


(11) 
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Equation (11) expresses the rate of absorption of a gas at the surface of a 
stagnant liquid of infinite depth as a function of time. 

Equations (10) and (11) are based on the assumption that the absorption of 
oxygen by a body of liquid is purely by molecular diffusion throughout the en- 
tire depth of the body. However, in any practical case, the mixing, which is 
caused by convection and density currents or by turbulence, invalidates the 
assumption of perfect quiescence. In order to apply these equations, it has 
been necessary to resort to a physical model not truly representative of the 
actual coalitions. The usual assumption has been that of successive periods 
of perfect quiescence between which there is imposed complete and instan- 
taneous mixing. This assumption has necessitated an empirical determina- 
tion of a fictional period of quiescence; whereas, the true physical picture is 
one of continuous turbulent mixing. On the other hand, equations (3) and (6) 
are applicable in cases where fluid turbulence is a significant factor. The 
only condition necessary for their application is that the concentration of the 
dissolved gas be uniform in the body of the liquid at any particular instant. 
However, what these equations gain in simplicity, they lose in generality, be- 
cause the coefficients encompass all the variables which influence the pro- 
cess. Up to the present time, there has been no analysis, in which the rate of 
reaeration is expressed as a function of variables involved in turbulent flow. 
These coefficients must be determined experimentally before the equations 
can be applied. 

The theoretical development which follows presents a mathematical de- 
velopment of the formulae defining the reaeration coefficient under turbulent 
flow conditions in a natural stream. Modern developments in fluid mechanics 
have led to an understanding of the phenomenon of turbulence which has per- 


mitted a rational analysis to be made of the reaeration problem. It is perti- 
nent, therefore, to present some of the basic concepts of fluid turbulence 
which are applicable to the process of reaeration in turbulent flow. 


Basic Theory of Fluid Turbulence 


In turbulent flow a complex secondary motion is superimposed on the pri- 
mary motion of translation. Turbulence is characterized by eddies which 
transport particles of fluid from one layer to another with varying velocities. 
The eddy motion which is erratic and seemingly unpredictable can only be de- 
fined in a probability sense. Thus the principles of statistics are employed in 
order to define quantitatively parameters of turbulence such as the size of 
the eddies and the velocity fluctuations. 

The velocity at any point in turbulent flow varies in magnitude and direc- 
tion. It is convenient to represent the velocity vector by means of velocity 
components along three rectangular axis. The velocity in the direction of 
flow which is taken along the x-axis is represented as Utu, in which U is the 
mean velocity and u the fluctuation. The velocities fluctuations along the 
other two axis y and z are represented by v and w respectively. The fluctua- 
tions, u, v and w, vary with time and, by definition, the arithmetic means 
must necessarily be zero. It has been shown that these fluctuations follow 
the normal error law thus indicating their random nature. A significant 
average is the root-mean-square or the standard deviation of the component 
v from its mean value of zero. 

Two types of turbulence can be designated depending on the 
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interrelationship of u, v and w. If there is a complete lack of correlation of 
the velocity fluctuations in the different directions, the turbulence is referred 
to as isotropic. This type of turbulence, in which there is neither a shearing 
stress nor a velocity gradient, is approached in the flow downstream from 
screens, in a hydraulic jump and in the center of a deep and wide open chan- 
nel. Non-isotropic turbulence is characterized by a significant correlation 
between the velocity fluctuations and by a velocity gradient and shearing 
stress. This type of turbulence is evidenced in flow in pipes and in compara- 
tively shallow open channels. 

While the velocity fluctuations define the intensity of turbulence, some 
linear measure is required to define the scale of turbulence. In this regard, 
the mixing length hypothesis has been presented by Prandtl. The velocity 
component, v, is related to the forward flow velocity gradient by assuming 
that the vertical flow produced by the eddy is effective over a distance, “f,” 
in the y direction. This relationship may be expressed by the equation 


(12) 
ay 


The length, “{,” is one which resembles the mean free path in the kinetic 
theory of gases. It signifies a distance which a particle moves from its point 
of departure from the mean motion until i* mixes again with the main body of 
the fluid. It is doubtful if it is possible to assign a more definite physical 
meaning to the mixing length, but it can be said that this length is a measure 
of the average size of the eddies which are responsible for the fluid mixing. 
It is to be noted that equation (12) applies to the turbulent condition in which 
there exists a velocity gradient. Since it is possible for the turbulence in a 
natural river to approach isotropy in which case the velocity gradient ap- 
proaches zero, it is appropriate to consider the approach taken by Taylor(12) 
and later developed by him.(13) This approach is based on the principles of 
statistics and leads to a more precise definition of the mixing length. Taylor 
has suggested, “It is clear that whatever we mean by the diameter of an eddy 
(scale of turbulence), a high degree of correlation must exist between the 
velocities at two points which are close together when compared with this 
diameter. On the other hand, the correlation is likely to be small between 
two points situated many eddy diameters apart. If, therefore, we imagine 
that the correlation Ry between the values of the speed at two points distant y 
apart in the direction of the y coordinate has been determined for various 
values of y, we may plot a curve of Ry against y, and the curve will represent 
the statistical distribution of the velocity fluctuation along the y axis. I Ry 
falls to zero at y equal Y, then a length can be defined such that 


This length ..... may be a possible definition of the average size of the 
eddies.” 

It is pertinent to note that Taylor’s analysis can apply to both isotropic and 
non-isotropic turbulence, although present research indicates that it is being 
employed primarily in the former case. Prandtl’s mixing length hypothesis 
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on the other hand, refers only to non-isotropic turbulence. In this case the 
relationship between the shearing stress and the velocity gradient is as fol- 
lows: 


(14) 


in which T is the shearing stress, s the velocity gradient, P the density and 


€ the kinematic eddy viscosity. The quantity € is analogous to the coefficient 
of viscosity in the expression for shear in laminar flow. Just as the molecu- 
lar viscosity depends upon the velocity and mean free path of the molecules, 
so does the eddy viscosity depend upon the velocity and mean free path of 
fluid particles. The relationship is 


(15) 


The eddy viscosity varies from point to point in a fluid in accordance with the 
variation of the mixing length and velocity fluctuation as indicated by equa- 
tion (15). In an actual river it varies with the depth and width of the channel. 
If the flow is steady and uniform and limited to the case of a wide stream, the 
eddy viscosity will be a function of depth alone. In such a case, it may be 
shown that the variation of the eddy viscosity with depth is as follows: 


in which Tp is the bottom shear and « the von Kerman universal constant hav- 
ing the value of approximately 0.4. in this case, the axis y = 0 is taken at the 
invert of the channel. Equation (16) indicates that the value of the eddy vis- 
cosity is a maximum at half depth and zero at the surface and the bed. It is 
probable that its value is not absolutely zero at the surface particularly in _ 
cases where there is evident surface agitation. However, the experimental 
measurements reported by Kalinske and Robinson(14) indicates that the value 
of the eddy viscosity follows the functional trend of equation (16) as close to 
the surface as it was possible to make measurements. 

The transport of fluid particles between adjacent layers simultaneously in- 
volves the transport of any inherent characteristic of the fluid such as heat 
content and concentration of dissolved matter. This process is usually re- 
ferred to as eddy diffusion or eddy transport. The time rate of change of this 
characteristic at any point may be expressed as follows: 


de (17) 


4 


in which N represents the rate of transport of the characteristic in the y 
direction. D¢ the diffusion coefficient and c the concentration of the charac- 
teristic. The negative sign indicates that the transport is in the direction of 
decreasing concentration. The diffusion coefficient represents a combination 
of velocity and length which describes the mixing or diffusion process. It has 
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been shown that in a turbulent condition of flow, the eddy diffusion coefficient 
D¢ is proportional to the eddy viscosity ¢. That they are approximately 
equal has been indicated by Kalinske and Robertson(14) and by Kalinske and 
Pien(15) who studied the diffusion of droplets of dye having the same density 
as the water in which diffusion took place. _ 

These basic concepts of fluid turbulence and the fundamental laws of re- 
aeration are employed in the analysis and solution of the problem of reaera- 
tion under turbulent flow conditions in a river. 


Mathematical Development of the Theory of Reaeration 


The passage of oxygen from the atmosphere to a body of turbulent fluid 
may be described in the most complete and the most general manner by the 
Lewis & Whitman two film concept expressed in differential form similar to 
Fick’s law of hydro-diffusion. This leads to the equation 


“Om Sec |= Oc (18 


in which 


= concentration gradient in the body of the liquid below the 
liquid film. 


molecular diffusivity of the gas through the gas film 


D. = molecular diffusivity of the gas through the liquid film 


') = eddy diffusion coefficient of the gas in the body of the 
liquid 


In addition to the molecular diffusion through the gas and liquid films equa- 
tion (18) also includes the eddy diffusion through the body of the liquid. In the 
vast majority of cases of natural rivers turbulent flow prevails. The value of 
the eddy diffusion coefficient is the same order of magnitude as that of the 
eddy viscosity of the fluid as described previously. That the control for the 
entire process is the liquid film may be seen from the following approximate 
values of the coefficients: 


Dg = 0.70 square feet per hour 
De = 50 " " " " 


The oxygen diffusivities through the gas film and the liquid film are tem- 
perature functions and the values indicated are those at 18° C. (7). The 


[3] = concentration gradient through the gas film - 
<¢} = concentration gradient through the liquid film L 
|, 
De 
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magnitude of the eddy viscosity depends upon the physical and hydraulic char- 
acteristics of the channel as given by equation (16). An average value for the 
eddy viscosity may be calculated from this equation as follows: 


By means of this equation the mean value of the eddy viscosity was computed 
for each river which is referenced in the following sections of this work. The 
value of this coefficient indicated above, 50 square feet per hour, is the mini- 
mum of the values thus computed. Since the eddy diffusivity is so great by 
comparison to the diffusivity through the liquid film, it follows from equation 
(18) that the concentration gradient throughout the depth of te liquid is ex- 
tremely small by comparison to the gradient across the liquid film. In all 
practical cases, then, the concentration of dissolved oxygen throughout the 
depth of the liquid body may be taken as uniform. This has been substanti- 
ated by actual measurements of dissolved oxygen gradients (16). It may fur- 
ther be concluded that equations (3) and (6) can be applied to the case of 
reaeration in a river, since the only condition necessary for their application 
is one of uniform concentration of dissolved oxygen throughout the liquid 
depth at any particular time. Equation (10) is not applicable since it funda- 
mentally defines a case of molecular diffusion throughout depth of the liquid 
body. Except in the vicinity of the surface, turbulent transport is so great by 
comparison to molecular diffusion that the latter effect is insignificant. 
Molecular diffusion controls at a point located very close to the surface where 
the eddy viscosity approaches or equals zero. If, on the other hand, the eddy 
viscosity has a finite value at the surface, then it is possible to conceive of 
the existence of a liquid film but with the elements of this film being continu- 
ously replaced by the turbulence of the fluid below. In either case equation 
(11) may possibly apply, since it defines the rate of gas absorption at the sur- 
face of the body of water. However, this equation was developed on the basis 
of an infinitely deep liquid and its application to a liquid film of small thick- 
ness is subject to doubt. The conclusions drawn from the above discussion 
may be summarized as follows concerning reaeration for turbulent flow: 


1. The liquid film at the water surface is the controlling factor in the 
process. 

2. The concentration of the dissolved oxygen may be taken as uniform 
throughout the liquid body. 

3. The effect of turbulence on the liquid film at the surface must be 
evaluated. 


Under turbulent conditions, the particles at the surface are being continu- 
c ly exchanged for liquid from the main body. Any particular portion of the 
surface may be replaced at any time after its creation. At the instant of its 
creation the concentration of oxygen is equal to that of the main body. The 
concentration becomes that of saturation immediately and the transfer of 
oxygen across the surface is accomplished by molecular diffusion. In ac- 
cordance with Fick’s law the rate of transfer is governed by the concentra- 
tion gradient which is a function of time. The rate of transfer across this 
portion of the surface will depend on how long it has been exposed to ‘ise ot- 
mosphere. The overall rate of transfer must then depend upon the 
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distribution cf ages of the surface elements, which in turn, is controlled by 
the state of turbulence. The function defining this age distribution has been 
taken as that presented by Danckwerts(11) who proposed it for application to 
gas absorption equipment. His analysis can be modified to apply to the case 
of an open channel. Consider a unit surface area in a wide open channel in 
which the flow is turbulent. The average rate of absorption is assumed to be 
uniform over the area. Liquid elements at the surface which have been ex- 
posed to the atmosphere for varying lengths of time are replaced by those 
arising from the turbulent motion of the body of the fluid. The mean rate of 
surface renewal, r, is assumed constant. Because of the random nature of 
the turbulence, the chance of any portion of the surface being replaced is in- 
dependent of its time of exposure. 

For any given unit area of surface at any particular instant there is a dis- 
tribution of ages ranging from zero (just replaced) to infinity. The distribu- 
tion is defined by a function, f(t), in which f(t)dt is the relative portion of the 
area having ages t and t+dt. 

Danckwerts has shown that: 
ct 


f(t) s fre (20) 


Equation (20) is the function defining the distribution of surface ages. 
By substituting equation (20) for the area in equation (8), the rate of trans- 
fer of oxygen across a unit area of surface may be expressed as follows: 


ot dy dy 


in which ¢ is the Laplace transform of c. . 
As shown previously, the fundamental equation of transfer for the unsteady 
state is: 


(22) 


The boundary conditions which may apply during the time when the trans- 
fer occurs are as follows: 


Cm Co whan , o< qe 


In the distance from the surface, y = 0 to y = Yj, the diffusion is molecular 
in nature as predicated by the basic equation of hydro-diffusion. Below this 
distance, eddy diffusion controls the rate of transfer. 

If equation (22) is multiplied by e-Tt and integrated with respect to t be- 
tween the limits of zero and infinity, the resutt is: 


de Ve 
(23) 
at Oy 
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Applying the boundary conditions, it has been shown (17): 


77 


a be 
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By comparing equation (24) to (6), it may be seen that 


The term, r, in the equationc is the average rate of replacement of the sur- 
face and has the dimensions t~1, 

The existence of a laminar film at the surface of a stream, as implied in 
the development given above, results in a mathematical model which seems 
to be a good representation of the physical conditions. The concentration of 
dissolved oxygen can be considerably under the saturation value at a point 
very close to the surface although it would seem that at the interface the con- 
centration must be that of saturation. A representative value of r, as will be 
shown, equals one per ten seconds and an average value of Dy, equals 0.00008 
square feet per hour. Then the value of Y;, equals 0.04 cm when the coth 
term in equation (25) equals 1.01. If the film has a thickness greater than 
this value, then the value of the coth term is closer to unity. It is doubtful 
that the exact magnitude of the film thickness can be determined; however, 
Haney (4) has reported values, approximated from experimental data, which 
may be compared to the value of the film thickness as defined above. Fora 
comparable condition, the thickness of the film was 0.08 cm. For most prac- 
tical cases it may be assumed that the value of the coth term is close to unity. 

If, on the other hand, a laminar film does not exist at the surface of a 
stream, then an alternate mathematical modcl may be used to develop a rela- 
tionship defining the reaeration coefficient. A vertical column of water of 
depth H beneath any portion of the surface area is assumed to remain quies- 
cent for intervals of time during which oxygen is being absorbed by molecular 
diffusion. At various times, defined by r, the column is assumed to be instan- 
taneously mixed from top to bottom. The differential equation for this is the 
same as used before but the boundary conditions are as follows: 


The third equation must apply since there can be no transfer across the bot- 
tom. From a mathematical development similar to that of equation (25) it 


may be shown that 
\ 
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it is to be noted that the above boundary-conditions are identical to those used 


by Black & Phelps. In the present development, however, the rate of surface 
2 


renewal has been taken into account. When the value of FH is 2.65, the 


tanh term equals 0.99 and as ee increases, the tanh approaches unity. 


Based on the same conditions for r and Dy, as used above, then the value of H 
equals 0.04 cm. In other words, the average depth of the stream must be 
equal to 0.04 cm. for the tanh term to have a minimum value of 0.99. It is ob- 
vious that, for all practical cases, the tanh term may be taken as unity. It 
may then be concluded that 


« r| (27) 


Vz 
(28) 
2.31 H 


With the same boundary conditions employed in the development of equation 
(11), Danckwerts also developed the equality indicated by equation (27). Im- 
plied in this equality are two assumptions: that the concentration is uniform 
throughout the depth and that the concentration does not change with time. It 
has been shown that the first assumption is valid in turbulent flow in a river. 
The second is fulfilled in any reaeration process in which the time of renewal 
is sufficiently short so that the concentration can be assumed to remain con- 
stant within that time. It will be shown that the time of renewal ranges from 
1 to 100 sec which is of sufficiently short aeeation so as not to invalidate the 
assumption of a constant concentration. 

Before equation (27) or (28) can be applied, the rate of surface renewal, r, 
must be related to the turbulence of a river and expressed in terms of mea- 
surable parameters. 


Determination of the Rate of Surface Renewal 


In turbulent flow, momentum, mass, he. or any inherent characteristic of 
the fluid can be transferred from one layer of fluid to another. The basic con- 
cepts of turbulence may, therefore, be used to determine the rate at which 
particles at the surface layer can be replaced by particles arising from the 
turbulent motion in the body of the fluid. The intensity of turbulence may be 
defined by some mean measure of the velocity fluctuations, such as |v], and 
the scale of turbulence by the mixing length, f. The mixing length signifies 

a distance which a particle moves from its point of departure from the mean 
forward motion until it mixes again with the main body of the fluid. There- 
fore, only particles within a zone defined by a mixing length from the surface 
will affect the renewal of this surface. Furthermore, any particle located at 
a distance greater than this length from the surface will be deflected from its 
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vertical path before reaching the surface. It may be reasoned that vertical 
flow exhibiting small length and high velocity characteristics will cause a 
greater rate of surface renewal than flow of great length and low velocity. 
Therefore, particles at the surface are replaced at a rate directly propor- 
tional to the intensity of turbulence and inversely proportional to the scale of 
turbulence. Surface renewal may be considered to take place in a period of 
time defined by 


=e (29) 


where the values of ¢ and [v] are those which prevail in the vicinity of the 
surface. At any point the period defined by equation (29) will vary in time 
due to the random nature of the variables involved. However, since the length 
and velocity are average values, t is then the average time during which sur- 
face renewal takes place. It can be shown according to the Prandtl theory and 
to actual measurements that the values of the parameters in the vicinity of 
the surface vary approximately in a linear fashion with depth and approach 
zero toward the surface. Like the eddy viscosity, it is probable that their 
values are not absolutely zero at the surface. Even if they are, their ratio is 
not necessarily zero. Because of the linear variation of the parameters with 
depth, their ratio is approximately constant within a distance defined by a 
mixing length from the water surface. The mixing length and the vertical 
velocity fluctuation or their ratio must now be defined in terms of measure- 
able dimensions or characteristics of the channel. 


Non-Isotropic Turbulence 


The development of an expression for the rate of surface renewal is con- 
fined in this case to a condition of a pronounced velocity gradient which is 
characteristic of non-isotropic turbulence. Recalling the basic relationship 
given by Prandtl, equation (12), 


ay 
it follows that 

av 

L dy 


The ratio between the velocity fluctuation and the mixing length has been as- 
sumed to define the rate of surface renewal. Therefore, we have 


(30) 


This relationship states that the rate of surface renewal equals the velocity 
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gradient at the surface. The rate at which the surface layer moves with re- 
spect to the adjacent layer is accompanied by a shearing action causing a 
vertical displacement of fluid particles which in turn is responsible for the 
rate at which particles at the surface are displaced. 

It has been shown by Keulegan(18) and Vanoni(19) that the von Karman uni- 
versal logarithmic velocity law for pipes can be applied to the case of uni- 
form two-dimensional flow in an open vhannel. The velocity as a function of 
the depth may be expressed in the following manner: 


In the above equation, U,, is the mean velocity. Differentiating this equation 
with respect to y, an expression for the velocity gradient is obtained as fol- 
lows: 


% 
ay wy | (32) 


ay 


Substituting equation (33) in equation (30), we have 


Was) 


It has been reasoned that only particles within a mixing length from the sur- 
face affect the rate of renewal and, therefore, y may be taken equal to H with- 
out significant error. Therefore, 


% 
yr . (34) 
H 


The value of the von Karman universal constant kK is generally taken equal to 
0.4. Actual measurements in both the field and the laboratory indicate that 
the value of K may be less than 0.4, (20), (21), (22). This condition is particu- 
larly evident in streams carrying a sediment load and in streams in which the 
height of the roughness elements is of the same order of magnitude as the 
depth of flow. This effect is further borne out by an extension of the mixing 
length theory presented by both Prandtl and Rossby and Montgomery(23) in 
which a measure of the surface roughness has been included. It appears, 
therefore, that any theory which takes into account the roughness elements is 
more appropriate for natural rivers. However, owing to the difficulty of 
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establishing the roughness parameter in any given stream, « has been taken 
equal to 0.4 in the case of non-isotropic turbulence. 

A functional formula expressing the reaeration coefficient kp in terms of 
physically measurable parameters, may now be developed directly. Substi- 
tuting the value of r, as indicated by equation (34), in equation (28) and ac- 
counting for the dimensional constants, there results: 


Y 
¥, 
> in which 
pa 7 Dy, = coefficient of molecular diffusion, sq. ft. per day 
2 s = slope of the river channel, ft. per foot 
H = average depth, ft. 
kg = reaeration coefficient, per day 


Equation (35) defines the reaeration coefficient for the case of non-isotropic 
turbulence in a natural stream. 


Isotropic Turbulence 


In the cases of comparatively deep channels, it is possible that the turbu- 
lence may approach an isotropic condition. Inspection of equation (32) indi- 
cates that as the depth increases and the bottom shear decreases, the velocity 
gradient approaches zero which is characteristic of isotropic turbulence. It 
follows that equation (12) cannot be used to define the ratio of the mixing 
length and the vertical velocity fluctuation. In spite of the fact that the veloci- 
ty gradient may be zevo, as for example in the center of a pipe, the eddy vis- 
cosity has a finite value, since heat or mass can be transferred across this 
plane. Since € has a value greater than zero, the mixing length and the verti- 
cal velocity fluctuation likewise have finite values. The approach taken by 
Taylor as previously described is appropriate in this case. However, the tur- 
bulence parameters, as defined by this theory, have not yet been related to the 
physical dimensions and characteristics of a channel or pipe. Present re- 
search in this field is attempting to detcrmine the form of the velocity corre- 
lation curve. The only way to obtain values of these parameters is by direct 
measurement. Kalinske(24) has presented values of the mixing length and the 
vertical velocity fluctuation from actual measurements of the Mississippi 
River. Hamada(25) and Schijf & Schonfeld(26) have also reported comparable 
values for estuaries. On the average the mixing length and the vertical ve- 
locity fluctuation were approximately 10% of the average depth and the mean 
flow velocity respectively. These values may be used as an approximation to 
determine the rate of surface renewal: 


ouo U (36) 
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Substitution of this value for r in equation (28) gives: 


Ye 
(OV) (37) 
2.31 


Equation (37) approximates the reaeration coefficient for the case of isotropic 
turbulence in natural streams. 

Having defined the rate of surface renewal for non-isotropic turbulence and 
approximated it ior isotropic turbulence, it follows that, for engineering ap- 
plication, it is necessary to determine the nature of the turbulence which pre- 
vails in any particular river. Obviously, there is no sharp line of demarca- 
tion between the two: rather, the transition is defined by a range within which 
both types of turbulence may exist. Consider the case where the effects of 
each are equal. Then the rates of surface renewal, as defined by equations 
(34) and (36), are equal. Therefore, 


H H 


Rearranging the terms, we have 


(38) 
Ke 


Equation (38) is equivalent to the Chezy formula for flow in open channels. 
Assuming k ranges from 0.3 to 0.4, then C, the Chezy coefficient has a range 
of approximately 14 to 20. Referring to equation (33), it may be seen that 
high values of the bottom shear and low values of depth, produce pronounced 
velocity gradients. These conditions, which are associated with low values of 
C, are indicative of non-isotropic turbulence. Therefore, the turbulence may 
be assumed to be non-isotropic when the value of C is less than 14 to 20 and 
isotropic when C is greater than this range. It is appreciated that this range 
is also influenced by the ratio of the vertical velocity fluctuation to the*mean 
flow velocity and by the ra:io of the mixing length to the average depth, both 
of which were assumed to be 10%. In this study, the distinction between the 
two types of turbulence was based on a value of C of 17. In cases where it 
was not possible to estimate the value of C, then the differentiation between 
the two types of turbulence was based on a criterion of depth—if the depth is 
less than 5 ft., turbulence is assumed to be non-isotropic and if the depth is 
greater than 5 ft., isotropic. 


Effect of Temperature on the Reaeration Coefficient 


The effect of temperature on the coefficient of molecular diffusivity is 
given by the Stokes-Einstein equation (27). 


To 
B (39) 
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in which Tabs. is the absolute temperature and y« the coefficient of viscosity. 
Knowing the coefficient of molecular diffusivity at any one temperature, the 
value of the constant, B, may be calculated. By substituting equation (39) in 
equation (28) it is then possible to determine the effect of temperature on the 
reaeration coefficient which results in the following: 


The effect of temperature on the reaeration coefficient has been reported 
by others (28) as follows: 


41 


in which 
ko.T = value of the reaeration coefficient at temperature. 
k2.20= value of the reaeration coefficient at 20 C. 
T = temperature - degree centigrade 


This relationship has been used in the stream surveys which ar¢ referenced 
in the following sections of this study. The ratios of the reaezation coefficient 
at 20°C. to that at other temperatures as computed by equation (40} and equa- 
tion (41) are indicated in Table L Comparison of these r2iios indicates that 
the divergence is in the order of 2% between the two formulas. 

The Stokes-Finstein equation has been used in this study to determine the 
effect of temperature on the coefficient of molecular diffusion. 


TABLE I 
TURE ON Ti CIENT 
TEMPERATURE COEFFICIENT RATIO OF REAERATION 
CENTIGRADE OF DIFFUSION COEFFICIENT AT 20°C 
SQ. FT. PER HR. TO THAT AT INDICATED 
TEMPERATURE 


A B 
61 0.86 0.85 


71 0.93 0.92 
81 1.00 1.00 
92 1.07 1.08 
106 1.4 1.17 


A - Computed by equation (40) 
B = Computed by equation (41) 
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Description of Experimental Apparatus and Method 


The critical point to be verified in the theoretical development in the rela- 
tionship between the reaeration coefficient and the rate of surface renewal, as 
indicated by equation (28). The experimental apparatus consisted of a lattice 
work oscillating vertically in simple harmonic motion, which created a uni- 
form degree of turbulence throughout the fluid.(29) The lattice work was com- 
posed of three layers of screens, 3/8 inches apart: each layer was made up 
of two aluminum screenings, soldered together, such that the openings of one 
were bisected in both directions by the wiring of the other. The net opening 
was 5/32 inches square. The cylinder was approximately 5-1/2 inches in 
diameter by 6-1/4 inches of water depth, containing about 2,500 ml. of water. 
The frequency of oscillation of the lattice work could be varied from 45 rpm 
to 120 rpm. 

It was reasoned that the mixing length was proportional to the scale of the 
lattice work and to the amplitude of oscillation, both of which were constant, 
and the vertical velocity fluctuation was proportional to the frequency of os- 
cillation, which was varied as described. The rate of surface renewal would 
therefore be proportional to the speed of oscillation. The amplitude of the 
oscillation of the lattice work was approximately equal to the depth of water. 
This condition insured a uniform concentration of dissolved oxygen throughout 
the depth. In all runs, the surface of water was slightly above the highest 
position of the lattice work, so that the surface renewal was caused only by the 
fluid turbulence and not by the lattice work breaking the surface. 

Two sets of experiments were conducted. In the first set, de-aerated 
water was used and dissolved oxygen concentrations were determined by 
means of the polographic methods of analysis.(30) Samples were taken at 
five to twenty minute intervals, depending on the speed of oscillation at which 
times the temperature was measured. The regaeration coefficient, kg, was de- 
termined graphically from a plot of thetimes of aeration versus the logarithm 
of the dissolved oxygen deficits. In the second set, a sodium sulfite solution 
was used. This method is based on the assumption that the rate of change of 
sulfite to sulfate is a direct measure of the rate of reaeration. The initial 
concentration of the sulfite was 8000 ppm for each run and its concentration 
was measured (31) at two or three hour intervals for a period of twelve hours. 
The average change in concentration of the sulfite per hour was determined 
by the method of least squares. Although the sulfite method has been used 
frequently in the past as a means of measuring oxygen transfer, it has been 
recently criticized by some investigators. The pertinent test data and the 
calculated reaeration coefficients for both experiments are shown in Table II. 


Verification of the Theory 
Part I 


In order to verify the relationship between the reaeration coefficient with 
the rate of surface renewal, the calculated test coefficients were plotted 
against the square root of the speeds of oscillation, as shown in Figure 1. As 
described in the previous section, it was reasoned that this speed is directly 
proportional to the rate of surface renewal. The theory, according to equa- 
tion (28) predicts that the reaeration coefficient varies as the square root of 
the rate of surface renewal and this proportionality is confirmed by the linear 
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variation of the experimental data. The reaeration coefficients were convert- 
ed to a common basis of 20° C. by means of the proportionality indicated in 
equation (40). The data from both the de-aerated water test and the sulfite 
test are plotted. K is significant to rote that slopes of the lines defining the 
data are approximately equal and that both sets of data indicate , 20d correla- 
tion. It may be concluded that the experimental work substantiates the the- 
oretical development in this regard. 


EXPERIMENTAL A 


DEAERATED WATER SULFITE SOLUTION 


SPEED TEMP. §REAERATION SPEED TEMP. REAERATION 
RPM CENT. COEFFICIENT RPM COEFFICIENT 
PER HOUR PER HOUR 

45 19 0.19 4 27 5.06 
47 19 57 27 5042 
55 17.5 0,31 68 27 5.55 
55 17.5 0.37 94 27 20 
70 19 6.71 
90 20 1.1 
94, 19 1.3 

118 20 1.6 


Verification of the Theory 
Part 0 


This part of the verification consists of comparing values of the reaeration 
coefficient, previously reported by others, with the values calculated in ac- 
cordance with the theoretical development presented in this thesis. The re- 
ported values of the coefficient had been independently determined by others 
by substituting observed values of the biochemical oxygen demand, dissolved 
oxygen deficits and times in equation (2). These values will be referred to as 
the observed coefficients and those determined by the theory presented in this 
paper will be referred to as the calculated coefficients. In selecting values 
for comparison, it was essential to use river stretches in which sludge de- 
posits and algae effects were minimal, since these conditions would reflect 
false values of the reaeration coefficient. It is believed that the results of 
the following studies which have been reported in the literature or published 
separately provide sufficiently representative conditions to make this com- 
parison. Figure 2 shows a graphical comparison between the observed and 
the calculated coefficients. The distinction between isotropic and non- 
isotropic turbulence was made on the basis of Chezy coefficient in accordance 
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with the criterion previously described. Having defined the Chezy coefficient 
for each river, the appropriate formula (equation (35) or equation (37)) was 
selected to calculate the reaeration coefficient. Of particular significance in 
this comparison are the range and over-all correlation of the dzta which may 
be accepted as further evidence of the validity of the theoretical development. 

The Clarion River and its tributaries(32) provided excellent data on high 
values of the reaeration coefficient. The highest value shown represents a 
tributary of the Clarion River, Elk Creek, which is a shallow turbulent stream 
of steep slope, and therefore BOD removal by sedimentation was assumed to 
be negligible. It is probable that algae effects were also negligible. The low- 
er value was taken from downstream stretches of the Clarion River where 
sludge deposits were minimal. 

The Tennessee tributary(33) is also a shallow turbulent stream and values 
of the reaeration coefficient fall in the same range as those of the Clarion 
River. The upstream stretches of this river were not included for compari- 
son because data on the depths were lacking. The two values which were 
shown were averages weighted by time for stretches of approximately one 
day and three days. It is pertinent to note that in the opinion of the authors a 
representative value for the entire stream in between 0.6 and 0.7, which may 
be compared to a value of about 0.8 as computed by the proposed formula. 

randywine Creek(34) provided two additional points falling in the category 
of high values. Regarding data on the depth only maximum center values 
were reported; the average depth was taken to be two-thirds of the maximum. 
For these three cases the turbulence was taken to be non-isotropic. 

The values of the reaeration coefficient of the Dlinois River are for river 
sections downstream from the source of the pollution, in which it was report- 
ed that sludge deposits were absent.(35) That the algae influence was neglig- 
ible was indicated by an hourly survey at one station which showed a range of 
dissolved oxygen from 1.95 ppm to 2.04 ppm. 

The lowest values of the reaeration coefficient were for the San Diego 
Bay.(8) In these two cases the turbulence was taken to be isotropic. Table 
Ill presents the observed and the calculated values of the reaeration coeffi- 
cient for those rivers, with the pertinent hydraulic data. 

The Ohio River survey (1) provided a huge amount of data for both high and 
low water values. It should be noted that empirical relationships were de- 
veloped for this river as indicated by equation (5). The depth in this formula 
referred to depth above low water. In most stretches the average depth from 
low water to the channel bottom was significant. Therefore, in computing the 
value of the reaeration coefficient in accordance with the theoretical formulas, 
one-half of this depth correction was added to the stage height depth in order 
to secure a value of depth which most represented the ratio of volume and 
surface area. It should be further noted that the stage height itself does not 
represent an average depth, since this will depend on the cross-sectional 
shape of the river. If the channel has steep sides, then the stage height will 
represent an average depth and this was generally the case for the Ohio River. 
The theoretical values of the coefficient were based on the stage height plus 
the correction to the channel bottom. In Table IV, the calculated, observed 
and empirical values of the reaeration coefficient are presented for the case 
of non-isotropic turbulence. In Table V a similar comparison is made for the 
case of isotropic turbulence. Reaeration values of the same order of magni- 
tude for each stretch were averaged to compute the points shown in Figure 2. 
The one case in which there was an extreme discrepancy between the 
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observed and calculated values (Stations 77-88) was not shown. Slope data 
were available for low water values only. The low water slopes were used in 
the determination of the Chezy coefficient. The values of this coefficient are 
therefore inaccurate for the high water conditions, but the order of magnitude 
of the coefficient is such that turbulence can be assumed to be isotropic. 

The data for the depths were given in the above references, except in the 
case of the Clarion River, for which depths were determined from maps of 
the U. S. Corps of Engineers. Data for the slopes were either given or de- 
termined from the U. S. Geological Survey Water Supply papers. Values of 
temperature were reported in all the references cited. 


SUMMARY AND CONCLUSIONS 


A theoretical development of the mechanism of reaeration in natural rivers 
has been presented. Both isotropic and non-isotropic turbulence have been 
considered in the development. Laboratory experiments were conducted in 
order to verify a fundamental relationship between the reaeration coefficient 
and the rate of surface renewal. Comparisons made between coefficients ob- 
served from river surveys and those calculated by the proposed formulae 
showed good agreement. 
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NOTATIONS 


A = Surface area 
= Constant in equation (39) 
C = Chemy coefficient 
= Empirical coefficient in equation (5) 
= Dissolved oxygen concentration 
= Laplace transform of c 
= Initial dissolved oxygen concentration 


= Saturation value of oxygen in water (concentration at the gas liquid 
interface) 


= Dissolved oxygen deficit 

= Initial dissolved oxygen deficit 

= Dissolved oxygen deficit after time t 
= Gas-film diffusivity 

= Liquid film diffusivity 

= Eddy diffusivity 
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e = Emperian base 

= Exponent in equation (10) 

= Deoxygenation coefficient - base “e” 


= Deoxygenation coefficient - base “10” 


= Reaeration coefficient - base “e” 
= Reaeration coefficient - base “10” 
= Liquid-film coefficient 

Biochemical oxygen deman? 

Initial biochemical oxygen demand 
= Mixing length 
= Rate of mass transfer per unit time per unit area 
= Empirical exponent in equation (5) 
= Partial pressure of oxygen 
= Correlation coefficient 
= Rate of surface renewal 
= Slope of the river channel 
= Temperature 
= Absolute temperature 
= Time 
= Velocity in the “x” direction (forward flow velocity) 
= Velocity fluctuation 
= Volume 
= Velocity fluctuation in “y” direction 
= Velocity fluctuation in “z” direction 


= Coordinat. axes 

= Depth 
Liquid-film thickness 
Coefficient of eddy viscosity 


von Karman constant 
= Density 
= Shearing Stress 


= Coefficient of viscosity 
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FIG. I~ THE EFFECT OF AGITATION ON THE REAERATION COEFFICIENT 


1115-29 


| 
ASCE 
7 
a 
2 
6 
& 
0 6 7 8 10 
sp. 


1115-30 December, 1956 


TURBULENCE 
© Isotropic 
© Non - isotropic 


RIVER 


| -Clarion River 
2-Brandywine Creek 
3 -Tennessee Tributa 
4-Illinois River 
5-Ohio River 
6-San Diego Bay 


N 
LJ 
ond 
= 
O 
O 


@ 


OBSERVED K, 


FIG. 2- COMPARISON OF THE CALCULATED AND OBSERVED REAERATION COEFFICIENTS 


| 
! 
ae 
y 
2) 
10 
® 
: S)6) 
0.1 © 
0.0! 
4 10.0 
a 
1 
j 


Paper 1116 
Journal of the 
SANITARY ENGINEERING DIVISION 


Proceedings of the American Society of Civil Engineers 


— 


SED RESEARCH REPOKT NO. 10 


ON AIR POLLUTION STUDIES AT 
UNIVERSITY OF CALIFORNIA AT 
LOS ANGELES 


PY Sanitary Engineering Division Research 


Commiriee—Air Po! iution Section 


From Research Data of University of California, Los Angeles 
Department of Engineering Report 
No. 55-27 
INTRODUCTION 


On November 19, 1954 the University of California received an emergency 
grant from Governor Goodwin J. Knight for air pollution research. 

The initial results of studies, research, and development conducted under 
this grant are described in Report No. 55-27 entitled “First Report of Air 
Pollution Studies,” period ending June 30, 1955, Department of Engineering, 
University of California, Los Angeles. 

Included in this report are also the results of long range air pollution 
studies initiated eight years ago. 

The air pollution research projects described in this report cover such 
aspects as, methods of air analysis, air pollution control devices, refuse in- 
cineration problems, meteorological factors, and a feasibility study of a 
large scale pollution test facility. 


I. MICROWAVE METHODS AS A MEANS OF STUDYING AIR POLLUTION IN 
THE LOS ANGELES AREA 


In this study the usefulness of the microwave spectroscope as a tool for 
determining gaseous components of smog was being studied and increased 
activity of the equipment was being sought. 

The microwave investigation on air pollution problems now under way 
have three main aspects: 


Note: Discussion open until May 1, 1957, Paper 1116 is part of the copyrighted 
Journal of the Sanitary Engineering Division of the American Society of Civil Engi- 
neers, Vol, 82, No. SA 6, December, 1956. 
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1) The analysis ia the laboratory by means of the microwave spectroscope 
of materials which have been condensed from the Los Angeles atmos- 
phere; 

2) The study of the microwave transmission in a wave guide system 
through mixed gases which are irradiated with ultraviolet light; and 

3) The study of microwave transmission in the Los Angeles Basin through 
air pollution with a view to an understanding of the formation and loca- 
tion of such pollutants. 


A complete transmission setup was in operation in the laboratory and as 
soon as the horns and lenses are secured or made up, the equipment will be 
taken to a location perhaps 5 or 10 miles distant from U.C.LA., for trans- 
mission studies through the atmosphere. 


II. AN INVESTIGATION OF NON-CATALYTIC AFTERBURNING i 


It is generally agreed that unburned and partially burned hydrocarbons are 
among the major pollutants in the Los Angeles Atmosphere. 

A 1941 Plymouth 6 cylinder engine with a special carburetor to vary the 
concentrations and a General Electric dynamometer to apply different engine 
loads was used as a test engine in this experiment. 

An afterburner was designed to provide a favorable reaction zone for the 
completion of the oxidation of hydrocarbons in the exhaust. High tempera- 
tures were maintained by minimizing the heat losses, oxidation surfaces 
were provided, and preheated secondary air was introduced to insure the 
presence of adequate oxygen in the afterburner. 

Temperatures in the afterburner at different points, primary air flow rate 
into the carburetor, fuel consumption, engine speed, torque, and secondary 
air flow rate were measured. 

Test results indicate that the temperature of the reacting gases is the 
most important variable. 

The surface provided by packing the afterburner chamber with spherical 
Silicate pebbles was impractical because of its high heat capacity and long 
warm-up period. A porous plate with favorable surface effects and short 
thermal time constant was being considered. 

An equation describing the behavior of the afterburner was derived and 
this equation satisfactorily correlated the experimental results. 

Present results indicate that a reduction of unburned hydrocarbons from 
600 ppm to less than 20 ppm can be accomplished by non-catalytic after- 
burning. 

Future studies of heating of afterburner, empty chambers, porous plate, 
catalytic activation, silent electric discharge, and improvements in instru- 
mentation are planned. 


_ Il. AN INVESTIGATION OF EXHAUST “SCRUBBING” DEVICES 


Several devices based on filtering principles are claimed to remove con- 

taminants successfully from automobile exhaust gases. None of these devices 

are available on the market at this time and none have eliminated air pollu- 

tion without affecting proper engine operation. . 
In view of the high automobile exhaust gas flow rates (50 to 150 cfm), 
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devices using any kind of solid or dry filter would appear to be disadvanta- 
geous because of filter contamination and increased back pressure of the ex- 
haust system. “Scrubbing” devices would not have these disadvantages. 

Two exhaust gas scrubbing systems were considered: a water-spray de- 
vice and a bubbler device containing an oxidizing solution, potassium dichro- 
mate, in concentrated sulfuric acid. 

Single-thickness paper and gauze filters were exposed to-the exhaust gases 
fixed periods of time with and without the water scrubber. 

Results show that the water-spray has a cleaning effect on unburned car- 
bon particles and some hydrocarbons condensable at the temperature of the 
exhaust gases leaving the scrubber, but no basic change in the content of 
gaseous components such as CO,, O,, CO was noticed. 

e It was found that the chemical washer removed nitrogen dioxide very ef- 
fectively and oxidized carbon monoxide to carbon dioxide. 

Studies planned at present include: 


1) A large series of experiments for determination of the best arrange- 
ment of the water scrubber in regards to effectiveness and economy. 

2) Experimental determination of the effectiveness of the chemical washer. 

3) Development of an apparatus for analysis of contaminants retained by 

the paper filter, using a mass spectrograph. 


IV. AN INVESTIGATION OF SYSTEMS FOR REMOVING IRRITANTS FROM 
POLLUTED AIR 


In view of the multiplicity of pollution sources and the extreme complexity 
of the photochemical reactions occurring in the atmosphere, it is unlikely that 
the smog problem will be “solved” on an area-wide basis in the near future. 
Pending this more desirable solution, however, the possibility of reducing 
the concentrations of pollutants within enclosed spaces such as homes, 
offices, hospitals, automobiles, etc., by employing filtering devices seems 
attractive. 

A study was begun to determine the effectiveness of various types and 
combinations of filtering devices for removing irritants from polluted air. 
The irritants in “smog” have not been identified, and the performance of 

_ these systems were evaluated in terms of human response. The filters used 

are activated carbon, air maze, viscous oil filter, electrostatic precipitator, 
water-spray separator, and paper dust filter. These were used in combina- 
tions or alone. 

It was reported that “smog” irritation was eliminated by using a combina- 
tion of all the filters except the paper dust filter at the Kaiser Permanente 
Hospital. 

At the Los Angeles County Law Library a system composed of a viscous 
oil filter, an activated carbon filter, and an electric precipitator equipped 
with a paper dust filter was employed and complete alleviation of air pollu- 
tion effects is claimed. In addition good results were reported using three 
Barnebey-Cheney portable activated carbon filter units on a recycling basis 
to eliminate odor and tobacco smoke from a lounge, kitchen, and a rest room. 

At the Pacific Coast Borax Company using only an activated carbon filter 
manufactured by Dorex, damage typical of that produced by sulfur dioxide ap- 
peared on plants in the greenhouse. By installing an evaporative cooler up- 

stream of the Dorex unit plant damage was eliminated. 
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Air brought into the Earhart Laboratory at the rate of approximately 
18,000 CFM is passed through an activated carbon bed 2-1/2 inches thick, 
having an area of 172 square feet and a contact time of approximately 1/20 
second. This installation has been reported to provide complete protection 
for the plants in the laboratory and also alleviate the effects of air pollution 
on man. 

In spite of the experience at Pacific Borax Company the report states that 
activated carbon filters are effective in reducing concentraticas of irritants 
in poliuted air. 

The filter effectiveness was evaluated by comparing the sensory reSponse 
of a group of test subjects in a filtered environment, and an unfiltered en- 
vironment, although there was a similarity of trends between the sensory 
response of test groups in unfiltered air environment and chemical and physi- 
cal measurements. This data was insufficient to establish reliable correla- 
tions. 


V. ASTUDY OF AIR POLLUTION CONTROL ASPECTS OF REFUSE IN- 
CINERATION 


During the past few years many communities throughout the United States 
have become acutely aware of the refuse disposal problem, and attention has 
been focused upon the performance of incinerators in which refuse is burned. 
Incinerators seldom have been designed to meet specific performance cri- 
teria. The studies are concerned with basic design factors which will mini- 
mize the emission of potential pollutants to the atmosphere and provide an 
economically and technically sound method of refuse treatment. 

An investigation of particulate material discharged from incinerators and 
other combustion processes was carried on in an effort to evaluate their 
emissions to the air on a particular count and size frequency basis. 

In 1950 three different municipal incinerators were studied by this de- 
partment and as part of the current work some of the same incinerator units 
were being checked to see if changes in operation have occurred and to see if 
present instrumentation give results comparable to the previous instrumen- 
tation. Additional information on stack effluent composition, not previously 
acquired, had been obtained in an effort to learn more about incinerator 
emissions to the air. 

A method of smoke measurement using an electron microscope has been 
employed. All burning operations appear to produce particles, the number 
per unit volume and size distribution varies with changes in burning condi- 
tions. There does appear to be a strong correlation between the number of 
particles in the air and the type of day. 

A laboratory study was made to determine the effect of various design 
parameters upon incinerator performances. The presence of visible smoke 
was used as the primary criterion for evaiuating the performance of model 
incinerators, but it is not necessarily a good measure of incinerator effec- 
tiveness and this criterion was expected to change as the study advances, 

The effect of system variables upon the ratio of combustion chamber 
volume-to-fuel weight are being studied. 

Since combustion chamber shape affects the flow pattern of the reacting 
gases within an incinerator, chamber shape should influence burning effec - 
tiveness. The performance of combustion chambers of three different 
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configurations was investigated. They included a teardrop shape, a sphere, 
and a straight-walled cylinder. All results were obtained under conditions 
of natural draft. 

From the results it can be concluded that for natural draft systems, com- 
bustion chamber shape was of secondary importance when compared to com- 
bustion chamber volume. 

It has been reported that hot reaction surfaces promote complete oxida - 
tion in the combustion of hydrocarbons. A program of study was initiated to 
determine the effect of hot reaction surfaces on smoke resulting from the 
combustion of refuse. The results of the experiments to date were incon- 
clusive. 

A glass chamber having an opening above the charge level was built to 
evaluate the effect of overfire air on combustion; these studies were con- - 
ducted using natural draft and a dry charge. Because the results do not seem 
to be applicable to other systems, this work was discontinued temporarily. 

A series of batch-burning experiments were conducted to determine the 
effect of charge moisture content upon effluent quality. Under conditions of 
natural draft, it was found that limited amounts of moisture did not visibly 
affect effluent quality, although the burning rate was noticeably decreased. 

Some preliminary work was done using high velocity air jets to provide 
both underfire and overfire air. The use of forced draft should increase the 
burning rate and permit the use of lower chamber volume to charge weight 
ratios. Work in this area will continue. 

The results indicate that similarities between municipal, household, and 
laboratory burning operations exist, and gives some assurance that data 
obtained from laboratory tests will be applicable to large scale units, and 
should aid in the study of ways of improving incinerators. 

From these studies it has been found that some fuels produce greater 
quantities of particulate material than others; for example, automotive 
engines produce more particles per cubic foot of exhaust gas than incinera- 
tors. 


VI. FORMATION OF OXIDES OF NITROGEN IN GAS-FIRED HEATERS 


There is considerable evidence to indicate that oxides of nitrogen play a 
role in the formation of smog in the Los Angeles Basin. These oxides are 
formed by the combination of small amounts of nitrogen and oxygen during 
combustion processes. 

The purpose of this investigation was to ascertain whether the production 
of oxides of nitrogen incidental to the combustion process was inevitable and 
whether there are any expedients which might reduce the quantity produced. 

The equilibrium concentration of any oxides of nitrogen in air or in any 
gases at any temperature and pressure were calculated by the methods of 
thermodynamics. 

It was noted that the equilibrium concentration of both NO and NO, was 
extremely low at atmospheric temperatures. However, if values of NO 
greatly above equilibrium occur, then the tendency is for this NO to oxidize 
to NO,. 

A standard-make household water heater was installed in a laboratory, 
and the oxides of nitrogen concentration in the combustion gases was meas - 
ured. These measurements were made on samples taken at various locations 
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within the flue pipe and under different operating conditions. 

The principal constituent of oxides of nitrogen within a heater or furnace 
appeared to be nitric oxide, NO. This is probably oxidized to nitrogen di- 
oxide, NO,, in the atmosphere. Equilibrium concentrations of these oxides in 
flue gases at various temperatures have been calculated. Measurements and 
previously published information show that the actual concentration of oxides 
of nitrogen was far in excess of equilibrium concentration. 

Some of the reaction data indicated that the formation of nitric oxide at 
flame temperatures can be explained by the homogeneous reaction kinetics. 
It appeared that any decomposition that may occur at lower temperatures 
must be surface-catalyzed or heterogeneous since the homogeneous reaction 
rates would not account for significant decomposition. 

It appeared that within combustion systems, nitric oxide, NO, was the im- 
portant oxide of nitrogen. The key to the reduction of NO in combustion 
gases lies in the possibility of slowing the formation reaction or accelerating - 
the decomposition reaction. 


VII. PRELIMINARY DESIGN STUDY OF AN AIR RESOURCE TEST FACILITY 


An accurate procedure for the evaluation of the performance of control and 
protective devices, and measures in terms of ultimate alleviation of effects, 
is nonexistent. It has now been well established that a strong oxidizing effect 
is associated with periods of intense air pollution in the Los Angeles area, 
the role of specific atmospheric reaction products in causing particular ef- 
fects has yet to be established. 

It appears to be imperative to learn how to create and control a model en- 
vironment similar in all important details to the real one. 

The controlled model environment or air reserve test facility can con- 
tribute greatly in: 


1) Studies concerned with the effects of pollutants as they actually appear 
in the atmosphere, on man’s comfort, well being, and ability to perform, 
and on deterioration and preservation of materials; 

2) Determination of the importance of pollutant sources in producing un- 
desirable effects; 

3) Evaluation of performance of control and protective devices and meas- 
ures. 


The objectives of a preliminary design study were as follows: To deter- 
mine the broad requirements of an air resource test facility in regard to 
physical arrangement, structures, services, controls, instrumentation, and 
location, to: 


1) Obtain quantitative knowledge of the effects of pollution of the air re- 
source on man and materials; 

2) Create and identify the substances and the sources of these substances 
largely responsible for the undesirable effects of air pollution; 

3) Evaluate the performance of control and protective devices and meas- 
ures. 


The design requirements now being investigated are: 


1) Methods of introduction of effluents from known sources of pollution. 
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2) Duplication of natural environment so as to reproduce atmospheric re- 
actions due to natural and man-made processes. 

3) Control of air temperature, humidity, and movement. 

4) Minimization of “wall effects.” 

5) Duplication of the physiological and psychological environment in 
studies of man’s performance under stresses of air pollution. 

6) Instrumentation for measuring environmental factors and effecis. 


VIII. CONVECTION FROM HEATED SOURCES IN AN AIR INVERSION 
LAYER 


The Los Angeles Basin can be said to owe its air pollution problem to two 
. principal causes—to the copious discharge of contaminants into the atmos- 
phere and to the presence, during a large part of the year, of an inversion 
layer over the Basin. 

The sphere of activity represented in this report was concerned not with 
the contaminants but rather, given a polluted atmosphere, with means of di- 
minishing the concentration level either locally or over the Basin as a whole. 
The methods considered involve the convection of pollutants away from 
points of high concentration or the provision of a larger volume into which 
the contaminants can diffuse. 

The inversion layer is a stratum of air in which the temperature increases 
with altitude. Due to the positive vertical temperature gradient within the 
layer, the air exists in a stable condition. Both below and above the inversion 
layer the atmosphere approaches a neutrally stable condition for which the 
convective diffusion of contaminants progresses in what may be calleda 
normal manner. Within the stable layer, however, the convective diffusion 
of contaminants is effectively prevented. The pollutants discharged below the 
inversion layer are limited to diffusion into the atmospheric volume below 
the base of the inversion layer. If part or the whole inversion layer is to be 
changed to some less stable condition for which convective processes can 
occur, then energy must be expended in effecting the change. The magnitude 
of the energy requirement for disposal of a typical inversion condition is . 
beyond the scope of man-supplied energy. Solar energy transferred to the 
ground and thence convected into the atmosphere is of the order of magnitude 
necessary for disposal of the inversion layer. In fact, the inversion is some- 
times dissipated by this process in the region close to the mountains bounding 
the Northeast section of the Basin. Even if it were possible to supply enough 
energy or increase the effectiveness of use of solar energy to destroy the in- 
version, it is doubtful that the resultant alleviation of the air pollution prob- 
lem would be acceptable in view of the high ground level temperatures that 
would be obtained. 

The application of man-supplied energy thus appears limited to applica- 
tions designed for the attainment of local effects. One system of interest in 
this respect is the thermal convection column that rises above sources of 
heat. In the absence of any but light winds the air in the column will attain a 
maximum height at which the air column will drift off with the general at- 
mospheric velocity at that height. The prediction of this height is relevant 
to the design of stacks for which it is desirable to know how high the stack 
effluent will rise in an inversion layer, or what conditions must be satisfied 
in order that the convection column will attain the height of the top of the 
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inversion layer and thereby carry the stack effluent above the inversion. 
This report represents a contribution to the problem of convection above a 
heated source in an inversion layer. 

Up to the present time, no theory predicting the behavior of a convection 
column in a stable atmosphere has been.available. Because the temperature 
structure in the atmosphere seldom satisfies the condition of uniform poten- 
tial temperature and the effects of ambient air temperature gradient on the 
convection column have not been previously determined, comparisons between 
large and small scale systems is even more uncertain. 

The specific objective of this study was to determine the behavior of the 
convection column arising from a source when the actual temperature of the 
ambient air increased with height above the source. It was decided to con- 
duct these tests shortly after sunrise when the inversion is strongest. A 
test site was chosen in the desert. 

Methods of producing the desired heat output for the sources were limited 
from a practical standpoint to burning either solid or liquid fuels. Domestic 
diesel oil was chosen. 

The photographic records showed that the convection column above each 
heat source rose essentially vertically and rather abruptly bent over with 
little additional vertical motion, the column then drifting with the prevailing 
wind flow at that level. The height at which the column drifts away occurred 
when the density of the mixture of combustion gases and entrained air equals 
the density of the ambient air. The larger the source (higher heat output per 
unit time) the higher the level of density equality. In all cases, the observed 
heights were greater than the predicted ones; but if the approximate nature 
of the measurement and the simplified theory is considered, the agreement 
is considered good. 

All of the preceding discussion of convection from heated sources has 
been limited to the ideal case of no surface wind; practically, however, the 
actual tests were conducted under conditions of non-zero wind even though 
air movement was slight. 

Concentration of atmospheric contaminants near local topographic fea- 
tures is strongly affected by surface wind motion, attention may be directed 
toward determining the effects of terrain and whether or not these effects 
can be augmented by appropriate application of additional energy or by more 
effective use of solar energy. 
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SYNOPSIS 


Research in Sanitary Engineering is vital for future developments in this 
field. Much of the research is sponsored by the U.S. Public Health Service 
through research grants from the National Institute of Health. A general dis- 
cussion of the Research Grant program is given. 


Research in sanitary engineering is a vital element in the health structure 
of the Nation. According to the definition of the World Health Organization, 
“health” is the physical, emotional, and social well-being of people. Is there 
anything involved in sanitary engineering research which does not have to do 
with physical, emotional, and social well-being? The water we use, the food 
we eat, the wastes we discharge, the air we breathe, the houses we live in, 
and the places where we work - all are phases of man’s environment with 
which the sanitary engineer is directly concerned. 


Scope of the Research Problem 


Any analysis of research needs in sanitary engineering must he based on 
an evaluation of the status of this field of work - its past, present, and 
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estimated future. As pointed out by Hollis, (1) sanitary engineering as a 
recognized occupation had its beginning around the turn of the century, with 
initial emphasis on the water phase of environment: water supply and treat- 
ment and sewage collection and disposal, together with control of food sani- 
tation and of insect vectors of disease. 

The second phase in t:.e development of sanitary engineering took place 
about 1920 to 1950, when attention was focused primarily on refinements in 
techniques for purification of water supplies, on the treatment of sewage, 
and on industrial waste disposal as an important field in its own right, and 
when recognition was given to the importance of economics as a controlling 
factor in design. 

The third phase stems from the vast technological advances begun during 
World War Il. These advances have constantly accelerated and have stimu- 
lated the growth of metropolitan areas - complexes of people and industry ~ 
characterized by the production and use of commodities of innumerable types. 
Such developments are producing profound changes in man’s living habits and 
in his environment; in the future, even more drastic changes are in order. 

At the present moment, the sanitary engineer finds himself facing a 
bewildering assortment of problems in all phases of environment and, at the 
same time, lacking much of the basic scientific information needed for an 
intelligent approach to the solution of these problems. For example, in the 
area of water pollution control, despite the substantial efforts made since 
1920 by both communities and industries in the construction of waste treat- 
ment works, treatment has not kept pace with the increasing production of 
polluting materials. The rivers and streams of the Nation have progressively 
deteriorated while, at the same time, demands for clean water have greatly 
increased, 

The situation is a vicious circle - more water needed to support more 
people and industry, to produce more wastes, to pollute more water. The 
problem lies both in the great increase in volume of wastes and in the ever- 
increasing complexity of wastes. In the field of synthetic organic chemicals, 
many thousands of new compounds - largely unknown prior to World War II - 
are now in production and use, and are producing alterations in industrial 
and municipal wastes. 

The sanitary engineer has scarcely been able to measure these changes, 
let alone to evaluate them with respect to their effects on waste treatment 
plant operation, and to their possible physiological effects on wildlife in 
streams or on people who use this same water farther down the stream as 
a source of supply. Radioactive wastes, whose influence is only beginning to 
be felt, simply compound the complex problem. 

From the point of view of the community, already faced with heavy compe- 
tition for the tax dollar to provide numerous public works or services which 
are of direct benefit to the citizens, the research need in water pollution 
problems is threefold: (1) To devise cheaper methods of treatment, so 
larger loads can be handled at lower unit costs; (2) to develop more efficient 
methods, so higher-percentage removals are possible, thus keeping down the 
net discharge to streams despite the increasing loads; and (3) to produce 
modifications in methods or new methods capable of removing deleterious 
new contaminants - after these contaminants have been precisely identified 
as to their effects in varying concentrations and combinations. Such im- 
provements in wasie treatment measures can, in our opinion, certainly be 
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hoped for as the result of adequate research. We need some “break-throughs” 
in our treatment methods; that is, some really new methods, operating under 
highly controlled conditions, unlike the present treatment methods which are, 
essentially, adaptations of naturally occurring biological processes. 

Problems of air pollution are practically brand new; prior to the war they 
were largely matters of smoke abatement. Already air pollution is of such 
significance that in many metropolitan centers this field of work is the center 
of the sanitary engineer’s current concern. Sanitary engineers are busy 
establishing control procedures, helping to prepare regulations and legisla- 
tion; but, unfortunately, they must operate considerably in the dark, not 
really knowing precisely what should be controlled and to what degree. The 
present status of research ir. air pollution has recently been reviewed by 
Stern, (2) Obviously a large-scale research program is a must, if control 
mechanics are to be expected to catch up with the problem without resort to 
unrealistic and costly measures. Some of these measures might turn out to 
be about as useful as was the burning of sulphur for fighting an epidemic of 
yellow fever. 

The sanitary engineer lacks basic knowledge in other fields, such as in 
housing. Although everyone suspects an intimate relationship between hous- 
ing and health, the precise mechanics of the relationship are largely unknown. 
In certain fields, of course, scientific advances have made a net contribution 
to the sanitary engineer, rather than having increased his problem. In food 
sanitation, for example, technological improvements in food precessing are 
providing increasing protection to the public through sanitation “built-in” 
during the processing itselt. 

With respect to insect vectors of disease, insecticides developed for 
control of agricultural and commercial pests are furnishing the sanitary 
engineer with an increasing array of new tools. In both of these areas, how- 
ever, the contributions to sanitary engineering have largely come about as 
by-products of investments made essentially for improvements in industrial 
production. Unfortunately, the treatment of wastes for preventing deteriora- 
tion of air and water resources has no such relationship to primary industrial 
interests. 

Summing up the situation as it exists today, we may state that, in most of 
his endeavors, the sanitary engineer must operate considerably in advance of 
guiding research. Every indication points towards a constantly increasing 
acceleration in technology, posing more and more problems which the sani- 
tary engineer will be expected to keep in bounds. The gap in basic scientific 
knowledge, between what. ‘4 known and what needs to be known, is believed to 
be greater in sanitary engineerixy than in any other engineering field. 


Characteristics of Sanitary Engineering Research 


We have indicated that this is a period of expanding economy and an in- 
creasingly complex technology. In sanitary engineering research, therefore, 
we are shooting at a moving target. Progress in sanitary engineering can 
never keep pace with needs if it is devoted to curative measures; primary 
emphasis must be placed on preventive measures. 

In this field, as in most fields of science, no clear distinction can or need 
be made between basic and applied research. Sanitary engineering research 
can best be considered as a progressive process which begins with 
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funda.nental studies, drawing basic information from any and all of the 
scientific disciplines, and which advances through applied research, engineer- 
ing development, and process design. The fundamental studies are, of course, 
the start of this progressive process, and the only way to guarantee technolo- 
gical progress in sanitary engineering tomorrow is to assure a continuing 
support of fundamental studies today. 

An important characteristic of sanitary engineering research problems is 
their dependence upon all of the basic scientific disciplines—chemistry, 
physics, and biology. All too frequently, the physical, chemical, and biologi- 
cal aspects are considered as separate and distinct entities. The most 
successful sanitary engineering research projects utilize the collaborative 
efforts of scientists working with the engineer, so as to produce results hav- 
ing the greatest possible bearing on actual problems encountered in practice. 
One individual on the team must, of course, effect an integration of interests; 
the person competent to do this, whether engineer or scientist, generally be- 
comes the responsible project manager. Perhaps the rarest and most im- 
portant commodity in sanitary engineering research fields is the engineer 
who also is qualified as a scientist, or vice versa. 

Although information is lacking on the numbers of scientists engaged in 
sanitary engineering research, partial information is available on engineer 
resources devoted to this endeavor. As of 1950, there were an estimated 
5,000 practicing sanitary engineers in the United States, of whom about two 
per cent were engaged in research--that is, some 100 sanitary engineers. (3) 
Increased emphasis on graduate training in sanitary engineering has no doubt 
added to this number since 1950. Even so, the total number is grossly in- 
adequate for meeting present needs. Attracting skilled scientist and 
engineer personnel to sanitary engineering research is recognized as a most 
important problem. 

Another important problem, previously touched upon, is that of providing 
adequate financial support for sanitary engineering research. For the most 
part, such research cannot show a direct profit to industry. On the other 
hand, the steadily accelerating volume of research carried on by industry 
for improving production creates a flood of technological advances; this has 
become a normal condition. It has been stated that “one chemist can, ina 
year, make omare chemicals to occupy the full attention of one toxicologist 
for a lifetime.’\4 Every possible means must be developed to support re- 
search in sanitary engineering on a scale adequate to maintain an environ- 
ment conducive io health. Although industry can be counted upon to carry a 
substantial part of the research load, primary dependence must be placed on 
public support. 

Despite the importance of sanitary engineering research to public health, 
the relationship has, in the past, been too remote to have much impact on the 
public mind. While an individual may clearly recognize the importance to 
himself of medical research (such as research on cancer control), it is 
difficult for him to be equally concerned about such subjects as sewage and 
industrial wastes and their effects on streams. Streams are generally re- 
mote from his daily contacts; as long as the water from his tap is good, he 
is not likely to be aware of what is happening to the streams. 

Because of these factors, public support for sanitary engineering re- 
search has lagged far behind the needs. Over the period 1920-50, for 
example, the amounts expended per year probably did not average more 
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than a few hundred thousand dollars fromm all sources. The avalanche of 
technology has rapidly changed the situation since 1950. Whereas, before, 

it took no less than an epidemic to focus public attention on problems in food 
and water sanitation, today the problems of environment are “closing in” on 
the individual and are much more spectacular in nature. He sees the smog 
around him; he reads about the potential hazards of ionizing radiations; even 
in the sanitary engineer’s traditional field of water, the growing importanc? 
of water resources is resulting in public awareness of the importance of 
water pollution control. 

An interesting feature of sanitary engineering research is the great op- 
portunity resulting from the paucity of support in the past. Industrial re- 
search and extensive research in other fields (military, atomic, medical) 
sponsored by large-scale Federal financing have produced a huge “backlog” 
of scientific findings in chemistry, physics, and biology, which can be 
capitalized with minimum expense. Actually the current status of research 
knowledge in most, if not all, sanitary engineering fields is relatively primi- 
tive. Water chemistry, for example, lags far behind petroleum chemistry. 
As an illustration: Inspection of the sanitary engineering literature has 
shown that the concept of “activity coefficients” was not applied in water 
chemistry until late in the 1930’s, many years after being widely used in the 
industrial research area. 


The Role of Research Grants 


Various attempts have been made to survey the magnitude and scope of 
sanitary engineering research. In the sewage and industrial-waste-treatment 
field, for example, it has been reported (5) that some 148 such research 
projects were under investigation during 1953. The source of support for 
various projects was not completely indicated, but the information available 
for 93 of the projects was classified as follows: 


Support Projects 
Federal 42 
University 
Industry 
State and interstate 

Total 


These data indicate that about one-half of the research projects in this field 
are supported by Federal funds. 

The Public ‘iealth Service contributes to research in sanitary engineering 
by its intramural program and its extramural program. Its intramural re- 
search is conducted principally at the Robert A. Taft Sanitary Engineering 
Center in Cincinnati. Closely related research, especially in insect and 
rodent vector control and in biological contaminants in air, is carried on at 
the Communicable Disease Center, primarily through its laboratory facili- 
ties at Savannah, Georgia. 

The extramural program, which is administered through the Division of 
Research Grants, National Institutes of Health, in collaboration with the 
Division of Sanitary Engineering Services, is devoted to the support of re- 
search outside the Federal Government by means of research grants. The 
research-grant program, inaugurated in 1946, provides (6) that the Surgeon 
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General may “make grants in aid to universities, hospitals, laboratories, 
and other public or private institutions, and to individuals for such research 
projects as are recommended by the National Advisory Health Councils.” 
Members of the councils are non-government workers in science, education, 
and public affairs. 

Applications for research grant funds are reviewed by “study sections” 
operated for this purpose by the Division of Research Grants. Applications 
are approved or disapproved on the basis of their scientific and program 
merit, through the process of review and action by the specific study section 
involved—in our field, by the Study Section on Sanitary Engineering and 
Occupational Health. The advisory councils and the Surgeon General rely to 
a considerable extent upon the appraisals made by the study sections; these 
are comprised of scientific specialists, mostly from outside government. 

Approved research projects are ranked by the study section on a priority 
basis for determining the order of payment from available funds. A sizable 
percentage of applications are disapproved, generally because the application 
itself does not present a convincing case that the applicant is likely to make a 
worthwhile contribution. Many projects which cannot be supported when first 
applied for are subsequently resubmitted, approved, and financed. The steps 
involved in making a research-grant application are illustrated in Figure 1. 

The data in Table 1 show the amounts provided for sanitary engineering 
research grants over the 10-year period 1946-1955. It is evident that, in 
comparison with total research-grant funds, the expenditures for the classi- 
fication “Sanitary Engineering and Environmental Health” are relatively 
small. Also, support of research in sanitary engineering has not increased 
as have the funds for total research grants. 

The research grants funds totaling $2,940,000, supported 148 research 
projects in sanitary engineering (water supply and water pollution control, 
air pollution, general engineering, milk and food, and occupational health). 

The Study Section on Sanitary Engineering and Occupational Health 
generally meets three times yearly to consider new applications. The 
Division of Sanitary Engineering Services, which works closely with the 
Study Section, has recently undertaken to survey the total research being 
conducted in the field of sanitary engineering and to stimulate additional 
studies where the potential is promising. An expanding interest in the 
research-grant program is evident from the growing number of applications 
received for Study Section consideration: 19 applications for the meeting in 
September 1955; 43 applications for January 1956; and 72 for May 1956. 

Research grants are designed to support projects for a period of from 1 to 
5 years, the average length of support being 3 years. The amount of support 
granted is based on the magnitude of the project and, hence, varies widely. 
The average support is p..esently a little over $10,000 per project per year. 
Funds to finance approved projects are administered by the principal 
investigator, and are generally used to support graduate students working 
under his direction. 

Study Section members evaluate critically the research plan submitted. 
The application form requests details on specific aims, method of procedure, 
significance of the research, and facilities available. Additional information 
submitted relates to previous work done on the project, personal publications, 
results obtained by others, and biographical sketches of the professional 
personnel to be engaged in the project. The object of these requirements is 
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not, of course, to require the research investigator to follow a fixed, pre- 
determined plan, but simply to assure that he is competent to develop a 
logical and efficient approach to research in an important problem area. 

The overall objective of the grant program in sanitary engineering is to 
stimulate a maximum national research effort. Special attention is given to 
universities and other institutions not now engaged in sanitary engineering 
research which have promising potential. Experience has shown that the use 
of research grants to initiate sanitary engineering research programs at such 
institutions pays big dividends in that, before long, these institutions are 
carrying on substantial programs financed by other means. Grants are made 
to any component of a university - engineering, chemistry, agricultural, etc. 
- which may be interested in working on sanitary engineering problems. Al- 
though most grants are made to colleges and universities, any non-profit 
research institution or laboratory is equally eligible. Principal investigators 
need not be noted researchers a!ready established by reputation; emphasis is 
placed upon encouraging young investigators to enter this field. 


Fellowship Grants 


An important problem facing the university interested in sanitary engineer- 
ing research is the means to attract the necessary skilled scientist and 
engineer investigators. To meet competition, some sort of subsidy is be- 
coming a vital necessity. Although the research grant funds are helpful in 
permitting the employment (usually part time) of graduate students, thereby 
attracting them to this work, fellowships are also needed to induce a greater 
number of graduate engineers and scientists to elect study programs related 


to sanitary engineering or sanitary science curricula. 

While students interested in developing their research talents can compete 
with other applicants for research fellowship funds now available, the Division 
of Sanitary Engineering Services is now planning with the Division of Research 
Grants to establish a more formal program of fellowships in this area, and in- 
tends to include funds for fellowship awards in future budget requests. 

Current legislative proposals now being considered by the Congress in the 
field of water pollution control (S.890 and H.R.9540), if enacted, would spe- 
cifically authorize such fellowships for strengthening research in water sup- 
ply and water pollution control. 


Future of Sanitary Engineering Research 


This survey of sanitary engineering research, and more particularly of the 
roie of research grants, should include an estimate of anticipated future 
progress. 

How will the evident shortage in sanitary engineering research be solved? 
Since this need, like the need for sanitary engineering education, is of more 
immediate concern to government and to regulatory agencies than it is to 
industry, it must continue to depend primarily on public support. Industry, 
because it will be a large contributor to the growing problem of waterborne 
and airborne wastes, can be expected to contribute its fair share. In order 
to expedite this, the public agencies must pinpoint for industry the specific 
research problems which properly fall within industry’s responsibility, and 
which can be appreciated and hence supported by business management. 
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The Public Health Service, through its Sanitary Engineering Center at 
Cincinnati, is making a modest contribution by collaborating with the uni- 
versities, industries, professional associations, and others having common 
interests. To facilitate this collaboration, a National Advisory Committee 
for the Center - made up primarily of sanitary engineering professors - is 
now being established. This group will be invited periodically to review the 
research program of the Center and to recommend ways and means by which 
it might better assist the universities and other research groups. 

Of equal importance, however, is the need for strengthening the research- 


grant program, together with establishment of a research-fellowship program. 


Through “catalytic” action, the support of these programs can tap the re- 
sources of research institutions throughout the country. 
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q 
TABLE I 
Support of Research in Sanitary Engineering by PHS 
Research Grants 
ee Total Sanitary Engineering 
Research Grants Research Grants 
Fiscal Year Program Program 
1946 794,000 $ 
Hoe 1947 3,577,000 66 ,000 
1948 9,559,000 298 ,000 
1949 10,868 ,000 269,000 
1950 13,274,000 271 ,000 
+ 1961 16 ,881 ,000 303 ,000 
f 1952 18,365,000 320,000 
1953 20,936 ,000 375,000 
19% 29,951 ,000 467,000 
1955 35,163,000 571,000 
— Note: Funds for support of the Sanitary Engineering Research 
a a 3 Grants program were derived about 75 percent from the 
7 3 general, non-categorical Division of Research Grants funds; 
on o a about 17 per cent from funds of the National Microbiological 
Se i Institute; and 8 per cent from funds of the National Cancer 
BS and Heart Institutes. Projects in sanitary engineering were 
4 in competition for payment with all other approved projects 
fs in the Division of Research Grants, or with approved projects 
aot in the categorical institutes to which they were assigned. 
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KNOXVILLE SEWAGE TREATMENT PLANT® 


Kenneth V. Hill,’ M. ASCE 
(Proc. Paper 1127). 


SYNOPSIS 


A complete description with detailed design data of the Knoxville Sewage 
Treatment Plants are given. A complete breakdown of the cost figures are 
given as well as the method for financing the system. 


The title of this paper is not accurate. Knoxville has two sewage treat- 
ment plants, one located in the eastern section of the City on Loves Creek 
and serving a tributary area of about three square miles, and the other 
located at Third Creek, the principal sewage treatment plant, serving the 
remainder of the City. This paper deals for the most part with the principal 
sewage treatment plant and the entire project. 


1. Engineering Work 


A brief review of the engineering work in accomplishing the project is 
pertinent. The engineering work included five employments, as follows: 


Nature of Employment Date Engineers 
1. Preliminary Investigation 
and Report May 1945 Frederic R. Harris 


Eng’g Corp. and 
Greeley and Hansen 


2. Design of Sewers Dec. 1945 Frederic R. Harris 
Design of Sewage Treat- Eng’g Corp. and 
ment Plants and Pump- Greeley and Hansen 


ing Stations 


Note: Discussion open until May 1, 1957. Paper 1127 is part of the copyrighted 
Journal of the Sanitary Engineering Division of the American Society of Civil Engi- 
neers, Vol, 82, No. SA 6, December, 1956. 

a. Presented at a meeting of the ASCE Convention, Sanitary Engineering Div., 

Knoxville, Tenn., June 7, 1956. 
1. Partner, Greeley and Hansen, Chicago, Ill. 
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Nature of Employment Date Engineers 
3. Financial Study Mar. 1953 Greeley and Hansen 
4. General Supervision of Mar. 1953 Greeley and Hansen 
Construction 
General Supervision of Mar. 1953 Walter Smith and 
Construction Associates 
Resident Engineer Walter S. Smith 
5. Consultants under the Mar. 1953 Greeley and Hansen 


Trust Indenture 


The foregoing list of engineering employments is in part also a chronologi- 
cal summary of the time lapse between the initiation and the completion of the 
project which is designed to protect the waters of Fort Loudoun Reservoir 
from pollution by domestic sewage and industrial wastes. The full lapsed 
time was ten years and nine months. 


2. Brief Description of the Project 


The project includes the collection of sanitary sewage and industrial 
wastes from some 38 outlets discharging into the Fort Loudoun Reservoir, 
also, sewage from the Fountain City Sanitary District. Most of the City 
sewers are on the separate plan, although there are many roof drains con- 
nected to the sanitary sewers. To do this required the construction of 7.75 
miles of gravity sewers varying in diameter from 10 to 84 inches in open cut 
and tunnel, 1.87 miles of force main, 3 creek crossings, 2 reservoir cross- 
ings (one force main and one gravity) and two system pumping stations. The 
capacity of the intercepting sewer at its entrance to the principal sewage 
treatment plant is 125 million gallons per day. The intercepting sewers are 
designed to serve an ultimate population of about 400,000 persons. 

The capacities of the two pumping stations on the collecting system are 
as follows: 


Capacity - M.G.D. 


Station Maximum Installed 
Jones Street 3.6 8.65 
Cheowa Circle 3.6 7.00 


At the sewage treatment plants the capacities of the two pumping stations 


are as follows: 
Capacity - M.G.D. 


Station Maximum* Installed 
Loves Creek 3.0 6.5 
Third Creek 60.0 85.0 


*With one of the largest pumps out of service. 


The bases of design for the two sewage treatment plants are given in 
Table I. 

The digested sludge at the Third Creek Sewage Treatment Plant is 
elutriated before dewatering. 

The treatment afforded at both plants is the removal of settleable and 
floating solids, digestion of solids removed, and disinfection of the effluent 
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with chlorine. It is estimated that this kind of treatment will be adequate to 
prevent pollution of the Fort Loudoun Reservoir, the operation of which is 
controlled by the Tennessee Valley Authority. The physical layouts of the 
two treatment plants, however, permit the addition of high capacity trickling 
filters at Loves Creek and pre-aeration tanks at Third Creek, should a 
higher degree of treatment be required in the future. 

The principal industrial wastes include packinghouse, milk processing 
plants, metal working, soft drink, and a paper mill using the neutral sulphite 
process. 


3. Project Costs 


Although a final settlement has not yet been made with the general contractor 
who built the Third Creek Sewage Treatment Plant and the Jones Street and 
Creowa Circle Pumping Stations, it is possible to state here the project costs 
to within plus or minus one (1) per cent accuracy. They are as follows: 


Total Cost 
Amount Percentage 


Item 


1. Engineering: 
Preliminary Inves- 
tigation $ 25,000 
Plans and Specifica- 
tions 98,215 
Supervision of Con- 
165,725 


struction : 
$ 288,940 


2. Financial and Administrative 53,151 


3. Construction: 
Intercepting Sewers $3,054,979 
Pumping Stations 238,873 
Loves Creek Sewage 
Treatment Plant 289,529 
Third Creek Sewage 
Treatment Plant 2,032,635 
91.30 


4. Land and Right-of-Way 159,484 2.60 
5. Contingencies 32,619 0.54 
Total Project Cost $6,150,210 100.00 

Bids for construction of the project were received in July, 1953. At that 
time the Construction Cost Index was 590. With the present Construction 
Cost Index at about 688, the works constructed have a present value of about 
$6 500,000. 
4. Financing Procedure 


The project costs have been paid from the proceeds of the sale of 
$6,000,000 of revenue bonds, $5,000,000 of which were sold in July, 1953, 
and which bear interest of 3.8 per cent, and $1,000,000 of which were sold 
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TABLE I 
: Bases of Design of Sewage Treatment Plants 
+ 
Loves Third 
he Item Creek Creek 
Population 
Design 7,600 260,000 
Ultimate 13,20 400,000 
2. Sewage antities - M.G.D. 
Design - Average 4038 35.7 
Maximum 3.82 5767 
; Ultimate - Average 2.56 50.7 
Maximum 6.40 86.2 
3. Sewage Characteristics 
a | Suspended Solids - Lbs. per 2 Hours 
Design 1290 55,000 
Ultimate 2250 73,000 
| 
5-Day B.0.D. - Lbs. per 2 Hours 
Design 1210 62,500 
Ultimate 2100 80,000 
kh. Screens 
- No. of Screens 1 2 
7 Width of Channels - Ft. 3 3-1/2 
- YO Clear Openings - In. 1 1 
Method of Cleaning Manual Mechanical 
2 as Method of Disposal Burial Returned to Sewage 


| [a 6S. Pumping Equipment - MGD 


“ Design - Units 2- 0.5 
2-1.5 
1 - 2.5 
Ultimate 2 - 0.5 
2- 2.5 
1 - 3.5 
. 6. Grit Removal 
Design 
No. of channels 
Width of channels - Ft. B 
Water depth - Ft. 79 
; Length of channels - Ft. 20 
Max. Velocity - Ft. per sec. 1 
7 % Gas engine driven 


2 
2 


- 17.5% 
25.0 


25.0% 
40.0 


2 
28 
2.5 
28 
| 


Table I - Page 2 


Ultimate 

No. of Channels 

Width of Channels ~ Ft, 
Water depth ~ Ft, 

Length of Channels = Ft. 
Max, Velocity — Ft. per Sec. 


Sedimentation Tanks 

Design 

No. of Tanks 

No. of Channels per Tank 

Width -f Channel ~ Ft. 

Side oer depth = Ft. 

Leng... of Channel ~ Ft, 

Displacement Period ~ Hrs. 1.5 
Surface Settling Rate g/ft”/24 Hrs. 640 
Weir Overflow Rate g/L.F./24 Hre. 63,000 


Ultimate 

No. of Tanks 

No. of Channels per Tank 

Width of Channel = Ft, 

Sidewater Depth ~ Ft. 

Length of Channel = Ft, 

Displacement Period - 1.46 
Surface Settling Rate G/ft“/24 Hre. 590 
Weir Overflow Rate G./L.F./24 Hre 58,000 


Sludge Digestion Tanks 
Design Tanks 


No. of Tanks 
Total Volume = Cu. Ft. 33,300 
Dry Solids Loading ~ Lbs. per 

cu. ft. per Month 1.72 


Ultimate 
No. of Tanks a. 
Total Volume ~ Cu. Ft. 66, 600 
Dry Solids Loading =~ Lbs. per 

cu. ft. per Month rg 1, 97 


Sludge Dewatering 
Design 


Number 


Ultimate 
Number 
Area - Sq. Ft. 9600 


** Based on average flow 
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Vacuum Filters 
2 
350 


3 
470 
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2 3 
1 28 
+79 2.5 
20 28 
1 
7. 
anks 
2 
20 
1 
1.5 
1550 
22300 
2 
6 
1460 
21200 
8. 
325000 
2.75 
4 
2.75 
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in January, 1955, and which bear interest of 3.1 per cent. The bonds are to 
be retired in varying amounts per year until 1988. Operating costs, all debt 
servicing costs, and costs for extensions and replacements are secured from 
charges for service against users of the system. The needed total annual 
revenue is about $750,000.00. This amount seems rather large and is large. 
The reason for it is that the Knoxville sewer system is being operated as a 
utility. Some parts of the system are old and some day will require extensive 
and costly repairs, and the system will have to be extended to serve new 
customers. Accordingly, over and above the 1-1/2 times coverage of maxi- 
mum principal and interest requirements for any succeeding year as re- 
quired by the bond authorizing Resolution, it is necessary that a substantial 
reserve be accumulated for extensions and replacements. 

. As the net revenues increase and after the said reserve fund has been ac- 
cumulated, sewer service charges may be reduced. 

Preliminary estimates of rates of charge for sewage service indicated that 

a charge of 60 per cent of the charge for water service would yield the re- 
quired revenue. The charges to users of the system were as follows: 


Charges (Cents per 100 cu. ft.) 


Cubic Feet Water Sewage Service 
Per Month Service* Inside City Outside City 
First 500 17 10 15 
Next 3,500 23 14 21 
Next 6,000 21 13 20 
Next 10,000 13 8 12 
Next 10,000 12 7 11 
Next 10,000 11 6 9 
Next 10,000 10 5 8 
Next 20,000 9 4 7 
Over 70,000 8 3 6 
Minimum per month $.85 $.51 $.75 


“Charges for water service to users outside the City 
are 1-1/2 times these charges, and there are special 
contract rates to very large industrial users. 


Study and analysis of the records of water consumption indicated the 
following consumption for the year 1955 by users of the sewer system inside 


the City: 


Consumption No. of Total Cons. 
Cu. Ft. per Month Users Cubic Feet 
First 500 11,300 3,060 ,000 
Next 3,500 16,805 16,000 ,000 
Next 6,000 500 3,100,000 
Next 10,000 160 3,368 ,000 
Next 10,000 65 1,703,000 
Next 10,000 40 1,424,000 
Next 10,000 16 1,217,000 
Next 20,000 29 1,798,000 
Over 70,000 86 24,804 000 

29,001 56,474,000 
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it was found that the revenues were less than anticipated. 

It was discovered that whereas more water was being used than was 
estimated, customers were shifting into lower brackets of consumption, as 
indicated in the attached Table 2, which yielded less revenue. 


The rates were accordingly revised upward to water customers and users 


of the sewer system, both inside and outside the sewer system, so that they 
now are as follows: 


Sewage Service Charge 


Cubic Feet Cents per 100 cu. ft. 
per Month Inside City Outside City 
First 500 13 20 
Next 3,500 16 24 
Next 6,000 la 21 
Next 10,000 11 16.5 
Next 10,000 10 15 
Next 10,000 9 13.5 
Next 10,000 8 12 
Next 20,000 7 10.5 
Over 70,000 6 9 


Monthly Minimum $.65 


The sewer ordinance permits the City to impose a surcharge upon an 

industry which may discharge wastes of extraordinary strength to the sewer 
system. To date, this provision has not been invoked, the policy of the City 
being to allow the industries to utilize the excess capacity provided in the 
plant for the early years of operation and, also, to allow itself time to ob- 
serve the effects of these wastes upon plant operation and upon the costs of 
operation. 

This matter has been dwelt upon at scme length to illustrate what can 
happen in the financing of a sewage system operating on a strictly utility 
basis. The sitvation at Knoxville was not so serious as to threaten the 
income of the Water Department because of a sustained large consumption 
of non-users of the sewer system. 

It is believed that much less risk is involved and a more fair distribution 
of the cost can be had by the use of a two-part charge in which “the needed 
total annual revenue is contributed by users and non-users (or by users and 
properties) for whose use, need and benefit the facilities are provided ap- 
proximately in proportion to the cost of providing the use and the benefits 
of the works.” 

. The quotation is from the fundamental principle statement in the Joint 
Committee Report on Fundamental Considerations in Rates and Rate 
Structures for Water and Sewage Works. 


5. Operating Costs and Personnel 


Annual operating costs for the calendar year 1956 as based upon the 
budget of the Devartment of Public Service are summarized as follows: 
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After a year of collecting revenues from the above sewage service charges, 
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Administration $ 51,826.23 
Third Creek Treatment Plant 105,292.73 
Loves Creek Treatment Plant 13,781.84 
Intercepting Sewe:s and 

Pumping Stations 3,643.19 


Sewer System Maintenance 58,331.42 


Total $232,875.41 
The amount for Administration includes the following costs: 


Engineer in Charge 6,156.00 
Secretary 3,156.00 
Billing and Collecting 37,416.98 
Pensions 297.00 
Professional Services 3,200.00 
Automobile Expense 565.25 


Miscellaneous 1 035.00 


Total $50,626.23 


The amount for the Third Creek Treatment Plant includes the following 
costs: 


Salaries: 
Chief Operator and Chemist $ 5,400.00 
Chief Mechanic 4,920.00 
Plant Operators (4) 14,520.00 
Mechanics (4) 14,520.00 
Operator Helpers (4) 11,880.00 
Sludge Operators (2) 6,240.00 
Truck Driver 3,045.12 
Laborers (2) 5,690.88 
Chemist - part time 1,600.00 
Vacations 1,186.56 
Pensions i; 2,250.00 
Compensation Insurance 849.15 


$ 72,101.71 


Light and Power 12,000.00 
Water 720.00 
Chemicals 4,000.00 
Automobile and Truck 2,110.00 
Miscellaneous 5,945.20 
Maintenance and Repairs 7,379.25 
Insurance on Plant 1,036.57 


Total $105 292.73 


The amount for the Loves Creek Treatment Plant includes the following 
costs: 
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Salaries: 
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Operator $4,320.00 

Operator - Asst. 2,845.44 
Vacations 54.72 

Compensation Insurance 176.72 


Water 
Chemicals 


Supplies 


Total 


following costs: 


6. Fixed Charges and Renewals and Replacements 


Light and Power 


Maintenance and Repairs 


Automobile and Truck 
Insurance on Plant 


Item Amount 

Power $2,100.00 
Water 240.00 
Repairs 290.00 
Supplies 400.00 
Insurance 201.94 


Auto 411.25 


Total $3 ,643.19 


Item Amount 
Salaries and Wages $36,533.23 
Power 0.00 
Chemicals 0.00 
Repairs 5,100.00 
Supplies 5,000.00 
Insurance 2,140.00 
Auto 5,283.19 
Miscellaneous 1,275.00 
Pensions 1,000.00 
Water 2,000.00 
Total $58,331.42 


December, 1956 


$ 7,520.48 


720.00 
192.00 
1,250.00 
2,975.00 
689.48 
350.00 
84.88 


The amount for “Sewer System Maintenance” includes the following costs: 


There are two sewer maintenance crews, each including a foreman, a 
semi-skiiled workman, a truck driver and 3 laborers. 


Fixed charges vary from $315,135 to $328,460 per year over the 33 year 
period of servicing the debt. The net revenue of the system provides for 1.6 
to 1.68 coverage of fixed charges in any year. 


$13,781.84 
The amount for Intercepting Sewers and Pumping Stations includes the 
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The amount of $150,000 per year is to be set aside from the net revenues 
to accumulate a general reserve fund of $450,000 for renewals and replace- 


ments. 
A statement of the estimated sewer operations for the year 1956 is 


indicated below: 


Revenue: 
Sewer Service Charge $715,000.00 
Fountain City Sanitary District 12,000.00 
Investment Income 8,000.00 
Other Income 2,060.00 
Gross Revenue $737,000.00 


Operation and Maintenance 
Administration 


$ 51,826.23 


Treatment Plants 119,074.57 
Intercepting Sewers 3,643.19 
Sewer System 58,331.42 
Total Operation and Maintenance $232,875.41 
Net Revenue $504,124.59 


Debt Service Requirements 


Principal $ 80,000.00 
Interest 225,135.00 
Reserve 10,000.00 
Total Debt Service $315,135.00 
Surplus $188,989.59 


General Reserve Fund 
Beginning Balance 


$ 50,041.00 


Payment of Surplus 188,989.59 
Total Cash and Receipts $239,030.59 
Renewals and Replacements $150,000.00 
Balance $ 89,030.59 
Fund Balances - End of Year 
Debt Service Reserve Fund $330,000.00 
Operating Reserve Fund 60,000.00 
~ General Reserve Fund 89,030.59 
\ Total Reserve Fund Balances $379,030.59 


The Debt Service Reserve Fund has now reached the amount stipulated in 
the Trust Indenture and no further payments to it are required. The amount 
. in the General Reserve Fund (for Renewals and Replacements) will thus ac- 
cumulate at a faster rate. 


7. Operating Results 


The Loves Creek Treatment Plant was pjaced in operation in October, 
1954, and has functioned well from the start. Only domestic sewage is 
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received and treated. For a short time some concern was felt about the pos- 
sibility of interference with sludge digestion in the Imhoff Tank from syn- 
thetic detergents. This concern has proved to have been unnecessary. 

At the Third Creek Sewage Treatment Plant, which was placed in operation 
in October, 1955, some difficulty has been experienced with the plant water 
supply pumps, which would not stay primed, and with the mechanically raked 
screens and grinders because of overloading from slugs of hair, entrails and 
feathers from packinghouses and poultry-killing houses. The gas and sludge 
piping in one of the sludge digestion tanks collapsed because of the omission 
of the bolts in two base elbows on the supports at the center of the tank, - 
and the usual pieces of 2 x 4 have been found in sludge suction lines. 

These mishaps are a nuisance and a trial to all concerned. 

In general, the plant is producing a good effluent with better than average 
removals of suspended solids and B.O.D. and there is no odor nuisance. 

The chief operator, Mr. S. W. Blackman, is experienced and competent. 

The project has been carried out under the administration of Mr. George 
B. Dempster, Mayor; Mr. B. C. Barker, Director of Public Service and 
Mr. Leonard C. Bailey, City Engineer, Member of the American Society of 
Civil Engineers. 

The engineer-in-charge of the Department of Sewage of the City is Mr. 
James W. Whisman, Member of the American Society of Civil Engineers. 
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Discussion of 
“EXPERIENCES WITH A NEW TYPE OF DAIRY WASTE” - 


Progress Report of the Industrial Waste Section of the Sanitary 
Engineering Research Committee of the Sanitary Engineering Division 7 
(Proc. Paper 847) 


RESEARCH COMMITTEE.—The Research Committee would like to thank 
Mr. Rowntree for his stimulating question with regard to the continued opera- 
tion of the waste treatment system of Professor K. L. Schulze. It was not 
possible for the Committee to answer the questions but Professor Schulze 
has been kind enough to submit the following answers. 


1. Question: What is the condition of the creek into which the effluent is dis- 
charged? 


Answer: The downstream area of the creek was characterized by large 

deposits of biack sludge. These deposits were in the process of anaerobic 

digestion. There were no signs of normal aquatic life in the water, except 

for large colonies of red chironomus larvae. During the summer time the 

creek developed bad odors so that the farmers were complaining. After 

the treatment plant started these odors disappeared. How far the creek 

improved otherwise I do not know, because I had no opportunity to check 

on it since March 1955. | 2. 


2. Question: Has any difference been found between winter and summer . 
operation? 


Answer: As far as the efficiency of the treatment is concerned there 

seemed to be no difference between summer and winter operation. Me- 1 
chanically there were more difficulties in the winter time because the 

wooden housing of the plant was unheated. Samplers, valves and float- 

valves occasionally froze up during cold spells. 


3. Question: Are the results quoted those from weighted samples over 24 os 
hours? 
Answer: The samples were 24 hour composites in all cases. Since the 4 


plant was operated under steady flow conditions, continuous sampling at a 
steady rate was sufficient. 


4. Question: What odors are there around the plant? 


Answer: The plant did not develop any unpleasant odors, except when ‘as 
sludge was drained from the settling tank that had accumulated for several 
days. 


5. Question: Are the 5 H.P. motors still in use or have they had to be re- 
placed with larger ones? 


Answer: As far as I know the original 5 H.P. motors are still in use. 
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6. Question: How much supervision is required to keep the plant operating 
efficiently? 
4 7 Answer: About 1 hour per day. i 
7 7. Question: Has this type of treatment been yet approved by the relevant 
State Department as suitable? Have they any comments? 
4 Answer: As far as I know the plant has not been approved yet by the State 8 
Department. The main reason seems to be that it was not possible to pro- 
cuce a steady clear effluent. Part of the floc developed in the aeration 
tanks is very light and does not settle in the final settling tank. Thus it is 
carried over the weir and causes a turbid effluent. 
a 
Te 
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Discussion of 
“USE OF SOIL LYSIMETERS IN WASTE WATER RECLAMATION STUDIES” 


by Gerald T. Orlob and Robert G. Butler 
(Proc. Paper 1002) 


RALPH STONE, ! A.M. ASCE.—Messers. Orlob and Butler have developed 
useful information indicating that simple soil lysimeters may have value in 
certain waste water reclamation studies. It also may be desirable to point 
out some of the limitations of these devices for waste water reclamation 
studies. 

Perimeter effects are causes of variation between the lysimeter and a 
field prototype. The lysimeter will normally provide poorer bacteriological 
treatment than encountered in actual field operation because of possible 
cross connection and water movement along the lysimeter perimeter; this al- 
so results in differences in the percolation rates. A lysimeter may have its 
surface disturbed when introducing effluent into its limited area and thereby 
provide inaccurate data. Special inlet devices are needed for spreading 
water in lysimeters to avoid such disturbance. 

In treating waste water containing organic matter the biological treatment 
efficiency is often associated with algae and sunlight as well as other factors. 
Test lysimeter construction may be such that there is limited direct light to 
dry out a soil surface or to provide energy for algae in a spread effluent. It 
is true that when constructing lysimeters, it is possible to provide conditions 
similar to a prototype. However, when spreading in an actual basin with a 
depth of ground water several hundred feet below the ground surface, the soil 
gases are going to be different than prevail in a test lysimeter. 

Because of the intricacies of waste water spreading, it is recommended by 
the writer, that data for a large scale spreading program should be developed 
with test plots with a minimum size of 1/2 acre. The lysimeters remain a 
worthwhile tool for qualitative tests and for theoretical laboratory research 
work where it is desirable to limit and control test conditions. 


1. Cons. Engr., Beverly Hills, Calif. 
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DIVISION ACTIVITIES 
SANITARY ENGINEERING DIVISION 


Proceedings of the American Society of Civil Engineers 


ANNUAL REPORT OF THE 
SANITARY ENGINEERING DIVISION 
AMERICAN SOCIETY OF CIVIL ENGINEERS 1 


September 1956 


GENERAL 


During the past four years the program of the Division has been greatly 
broadened and accelerated in an effort to increase the value and improve the 
services of the Society to all members of the sanitary engineering profession. 

This program has been continued essentially as planned during meetings of 
the SED Executive Committee in New York, October 23-25, 1955. In spite of 
some difficulties, generally good progress has been made through committee 
activities, publications and meeting programs. These and other activities of 
the Division are summarized later in this report. 

Through efforts of committee chairmen and numerous other members of 
the Division, most of the committees are now well-organized in their mem- 
bership and in the definition and assignment of work projects. An overall 
objective of the program is to produce committee reports of value for publi- 
cation. Several of the committees are relatively new and the work plans of 
some others are recently reoriented. A few committees have submitted re- 
ports for publication this year, and, with time for completion of current as- 
signments, the results of committee work should become increasingly avail- 
able and useful. 

The publications program of the Division has presented major problems, j 
but has shown good progress. Much of the credit for this accomplishment is 
due to three conscientious and hard-working committees. These are the 

' Committee on Publications, the Newsletter Editors, and the Committee on 
Sanitary Engineering Research, as indicated in the later sections of this re- i 
port. The Division has had active local program committees and good sani- 
tary engineering programs at each of the ASCE Conventions this year. 

The program for Certification of Sanitary Engineers is proceeding as 
authorized and planned last year. The American Sanitary Engineering Inter- 
society Board is incorporated and fully organized with headquarters in the —~ 
space provided by the ASCE. Applications for certification are being re- 
ceived for review and plans for examinations to be held early in 1957 are be- 
ing completed. This is considered to be the most noteworthy single 


Note: No, 1956-26 is part of the copyrighted Journal of the Sanitary Engineering 
Division of the American Society of Civil Engineers, Vol. 82, SA 6, December, 1956. 
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accomplishment of the year and one which is of great importance to the 
future of the sanitary engineering profession. 


COMMITTEES OF THE DIVISION 
ADMINISTRATIVE COMMITTEES 


Publications 


Chairman: Ross E. McKinney 
Contact: Arthur D. Caster 


Members 


J. B. Nesbitt J. E. Kilker, Jr. 


L. A. Young W. Kaufman 

J. Wold J. H. Fooke 

R. Ramseier R. Dragone 

J. R. Fleming W. W. Aultman 
W. F. Cosulich F. J. Smith 

W. A. Cawley L. J. Murphy 
W. Ingram W. Dobbins 

H. Wilke W. Grune 


P. W. Reed, Newsletter Editor 
Objectives: 


The purpose of the Publication Committee is to supervise the publication 
of the technical publications of the Sanitary Engineering Division in the Pro- 
ceedings. Until the first of the year, 1956, the Proceedings were published 
as Separates. Since that time the Proceedings were published in the Journal 


of the Sanitary Engineering Division, bimonthly. 


Accomplishments during year: 


During the year 31 papers were approved and issued as Proceedings pub- 
lications. Of the 31 papers published, seven (7) were Progress Reports from 
SED Committees. Of the remaining 24 papers six (6) were from the SED Re- 
search Committee. Seventeen (17) papers were presented at ASCE meetings, 
and only 7 papers have been received unsolicited. There were 21 discussions 
of previously published papers. 


New Activities Planned: 


The major problem facing the Publication Committee is obtaining suffi- 
cient numbers of technical papers to meet the bimonthly publication schedule. 
All of the papers presented at ASCE Meetings are not being prepared for pub- 
lication and only a few are being published. Very few unsolicited papers are 
being sent in for publication and the Publication Committee members are hav- 
ing to write papers themselves to meet publication schedules. All papers 
published in the Journal are of professional caliber and no paper is published 
merely to meet a publication quota. 

Very few SED Committees are preparing reports for publication. The Re- 
search Committee was the most active in transmitting reports to SED mem- 
bers. It is hoped that other SED Committees will submit reports for publica- 
tion in the Journal to keep the members abreast of their activities. 
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Sanitary Engineering Division 


Sessions Programs 
Chairman: Arthur D. Caster 


Members 


Robert F. Brandt Arthur W. Reinhardt 
Albert H. Halff Conrad P. Straub 
Robert H. Young 


Objectives: 


To plan and execute programs for all meetings of the Division. 


Accomplishments during year: 
Active sessions have taken place at each ASCE Conference. 


Cooperation with Local Sections 


Chairman: D. W. Evans 
Contact: Ralph Fuhrman 


Members 


J. H. Fooks, V. Chrm. D. K. Harmeson 

H. C. Clare F. A. Eidsness 

H. L. Kinsel J. P. Slater 

K. Lauster L. J. Murphy 
Objectives: 


To cooperate with local sections in the formation of local section Sanitary 
Engineering Committees, in informing them of division activities, in stimula- 
tion of interest and of papers, in collecting sanitary engineering data in the 
form of reports, and in arranging technical programs in sanitary engineering 
at the local level. 


Accomplishments during year: 


Under a new chairman and membership the organization of the committee 
was completed during the first part of the year. An outline of the functions 
and activities of the committee was developed, revised, and accepted through 
correspondence, Contacts have been made with the Spokane, Tacoma, Seattle, 
Columbia, and Oregon Sections relative to the establishment of local commit- 
tees in the field of sanitary engineering. 

One member of the cummittee has reported on studies in the Massachusetts 
Section in conjunction with the Boston Society of Civil Engineers on legislation 
and other matters of engineering interest. 


New Activities Planned: 


Communications with other local Sections in New England and further con- 
tacts in other parts of the country are planned in order to further sanitary 
engineering interest and activities in local ASCE Sections. 
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Newsletter 
Editor: Paul W. Reed 
Assistant Editors 


J. S. Bethel, Jr. D. H. Howells 
J. W. Clark H. J. Karsten 
Prof. G. H. Dunstan D. G. Larkin 
E. R. Hendrickson G. Palevsky 


Objectives: 


To provide the Division--News of the Membership and what is happening in 
Sanitary Engineering. 


Accomplishments during year: 


With the first issue of the bi-monthly SED Journal in February the News- 
letter was incorporated as a section of the Journal known as the Division Ac- 
tivities Section. As indicated by the new title this broadened the scope of the 
previous Newsletter activity. 

The Division Activities Section is concerned with several classes of mate- 
rials as follows: (1) SED Division Affairs—Official actions, Committee Ac- 
tivity and Sanitary Engineering programs of local sections; (2) News Items— 
Personal items about members, and activity of organizations such as Univer- 
sities, Consulting firms, etc., of broad interest; (3) Articles of Activities of 
Sanitary Engineers which indicate the broad scope of the profession or activi- 
ties of special interest; (4) Articles which stimulate professional! thinking; 

(5) General articles of interest on Administration—Creative Thinking, etc., 
which are not pointed toward engineers but are useful to them. 

An attempt has been made during the past year to formulate an organiza- 
tion of Assistant Editors from various parts of the country who would collect 
and submit materials for this section of the Journal, thus overcoming the 
most difficult task of obtaining significant contributions from members. 
Coverage is not yet sufficient to assure a smooth flow of materials, but pro- 
gress is being made toward this goal. 


New Activities Planned: 


Continue and improve the program described above. During the next year, 
‘ stimulate Division members to submit materials and develop the Division Ac- 
tivities Section of the Journal to the point where it is truly representative. 


Committee on the Rudolph Hering Medal 
Chairman: Ross E. McKinney 


Members 
Nelson L. Nemerow William W. Altman 
Membership 
Chairman: Harold B. Gotaas 


Objectives: 
To promote Membership in the Society and the Sanitary Division. 
Accomplishments during year: 


Individual letters have been sent to approximately 200 engineers on a more 
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or less professional basis suggesting that they might be interested in joining 
the ASCE and affiliating with the Sanitary Engineering Division. Letters will 
continue to be sent as time permits. 

In addition, the Division Committee on Public Health Activities has estab- 
lished a task force for ASCE membership recruitment among state and 
municipal sanitary engineers. Individual contacts among state sanitary engi- 
neers have been made by this task force and it is known that several out- 
standing engineers have applied for membership as a result of these contacts. 


TECHNICAL COMMITTEES 
Atmospheric Pollution 


Chairman: William T. ngram 
Contact: Richard Hazen 


Members 
A. F. Bush : R. G. McCall 
R. E. Hatchard A. Rossano 
A. E. Meyer, Jr. J. Thomas 


W. S. Foster 
Objectives: 


To formulate a program of constructive activity and professional leader- 
ship in this field; to establish an outline and prepare for sanitary engineers 
guides for the engineering practice of air-pollution control; to stimulate or- 
derly presentation of technical material for publication; and to develop one or 
more manuals of practice on the subject as the need arises. 


Accomplishments during year: 


In 1955, this committee submitted to the Division an outline of six Parts 
(Numbered I to VI) entitled “Plan for Investigation and Report.” Task Forces 
of four to six members each have been organized to prepare information on 
four Parts of the above outline as follows: 


I. The Status of Air Pollution Control Activities Involving Sanitary 
Engineering. - August F. Rossano, Chairman. 
Il. Discussion of Air Pollution Control Engineering. - Alvin F. Meyer, 
Jr., Chairman, 
IV. Discussion of Research Activities on Atmospheric Pollution and its 
Control. - William T. Ingram, Chairman. 
VI. Radioactive Pollutants. - Jess Thomas, Chairman. 


The principal effort during this year has been the assembly and distribu- 
tion of newly released information. One research report for publication and 
at least one paper on air pollution have resulted, directly or indirectly, from 
the efforts of this committee. 


New Activities Planned: 


It is planned to continue the program for preparation and release of infor- 
mation through the Journal and ASCE meeting programs. For the future a 
comprehensive report of the committee is planned which, with the accumula- 
tion of references and published technical material, will afford guidance in 
the sanitary engineering practice of air pollution control. 
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Preparation of Manual of Practice on Sanitary and 
Storm Sewer Design and Construction 


1956-26--6 


(Joint Committee with the Federation of Sewage and 
Industrial Wastes Associations} 


Chairman: Bernal H. Swab 
Members 

H. H. Benjes J. Baffa (1) S. W. Jens (1) L. L. Sphar (1) 
E. M. Hirsch C. D Berrup (1) R. T. Johnson (1) J. M. Sprague (1) 
R. R. Kennedy’ = C.. S. Brown (1) J. K. Latham (1) W. E. Stanley (1) 
L. H. Kessler G. Bell (1) A. J. Maahs (1) M. W. Tatlock (1) 
J. C. Lawler F. R. Bowerman (1) W. A. O’Leary (1) A. L. Tholin (1) 
R. E. Lawrence J. W. Bowman(1)~ E. A. Pearson (1) A. VanPragg, Jr. 
G. E. Mau P. Bock (1) C. M. Pepperman (1) (1) 

G. Posthumas S. Borland (1) R. Pomeroy (1) C. R. Velzy (1) 

R. R. Ribal J. W. Finney, Jr. (1) S. D. Porter (1) G. R. Watkins (1) 


H. C. Scott (1) 
H. S. Smith (1) 


C. H. Welker (1) 
S. L Zack (1) 


M. G. Spangler C. G. Gaither (1) 
A. Aarons (1) H. W. Heath (1) 


(1) - Representing FSIWA 
Objectives: 


To prepare a manual of practice on the design and construction of sanitary 
and storm sewers. 


Accomplishments during year: 


This committee held meeting in Cincinnati on March 1, 2, 3, and 4, and in 
New Orleans on June 27, 28, 29 and 30, for review of subject material. Each 
session was attended by approximately 22 committee members of the total of 
about 45 members engaged in this project. 

At the New Orleans meeting an Editing Committee was appointed consist- 
ing of the following members: H. H. Benjes, FSIWA; Stifel Jens, FSIWA; 
J.C. Lawler, ASCE: H. S. Smith, FSIWA; A. L. Tholin, FSIWA; R. R. 
Kennedy, ASCE, Co-Chairman; Bernal H. Swab, ASCE, Chairman. 

The suggestions made in the last review have been assembled, the materi- 
al rearranged and a semifinal outline prepared and distributed. This materi- 
al will be reviewed by the Editing Committee and after collecting the sugges- 
tions from this review will meet in Kansas City on September 27, 28, and 29, 
1956. 

After this meeting, the subject material will be revised and distributed to 
all members of the basic committee as well as to about 100 additional outside 
authorities for review of subject material. 


New Activities Planned: 


The suggestions from this overall distribution will be reviewed by the 
Editing Committee early in 1956, probably in January, after which the Manual 
will be prepared for submission to the joint sponsoring societies for approval 
and publication. Every effort will be made to have the final draft ready for 

submission early in May, 1957. 
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ASCE Sanitary Engineering Division 1956-26--7 
Preparation of a Manual of Practice on Sewage Treatment Plant Design 


(Joint Committee with the Federation of Sewage and Industrial 
Wastes Association) 


Chairman: Daniel A. Okun 
Contact: R. R. Kennedy 


Members 


Charles F. Niles, Jr. LeRoy W. VanKleeck M. H. Klegerman (1) 
Norman B. Hume George E. Hubbell (1) George Martin (1) 
Edward 8S. Ordway T. R. Haseltine (1) Frank D. Wraight (1) 


(1) Representing FSIWA. 


Objectives: 
To prepare a manual of practice on the design of sewage treatment plants. 


Accomplishments during year: 


Preparation of the text of this manual of 20 chapters is virtually complete 
and final reviews are in progress. A three-day review and editorial meeting 
with all members of the committee present or represented was held in 
Cleveland, Ohio, June 14-16, 1956. Following circulation of all chapters of 
the second draft to all committee members and numerous others for com- 
ment, a meeting is to be held in Los Angeles on October 11, 1956 to air and 
resolve important discrepancies. An editorial policy, covering all important 
details of manual content and its presentation, was reviewed and agreed upon 
at the meeting in Cleveland. 


New Activities Planned: 


Complete the editing; and hold at least one other committee meeting for 
final review and preparation of the manual for publication. 


Public Health Activities 


Chairman: Dwight F. Metzler 
Contact: Roy J. Morton 


Members 


E. C. Jensen C. L. Senn 
B. B. Berger W. W. Towne 


Membership Task Force 


A. N. Beck (E. C. Jensen) 
E. Devendorf G. W. Marx 


Suburban Sanitation Task Force 


G. Reid, Chairman E. L. Ruppert 
L F. Shull W. T. Ballard 


Objectives: 


To continue the study of engineering activities in the field of public health 
which should be undertaken by the Division, recommendations to be made to 
the Executive Committee as the need for programs arises; and to organize 
and direct the activities of a task group which will develop a brochure or a 
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manual of practice covering the methods of planning, design, financing, con- 
struction, maintenance, and operation of water and sewer systems for subur- 
ban areas. 


December, 1956 


Accomplishments during year: 


The Public Health Committee has been assigned the specific responsibility 
of recruiting state and municipal sanitary engineers to ASCE and the estab- 
lishment of a task force to deal with the sanitation problems of suburbaniza- 
tion. The first task force assignment was to “develop the best means for 
planning, organizing and constructing public sewer systems in fringe areas.” 

Individual contacts have been made by the membership task force with 
state sanitary engineers and their staffs. Several outstanding engineers have 
applied for membership as the result of these contacts. 

A great deal of work in terms of time and effort has been spent on the sub- 
urban sanitation project. The first preliminary report on the subject was re- 
drafted and additional material was collected from officials of standard met- 
ropolitan areas throughout the country. Arrangements were made for the 
investigation of practices in three areas for lack of personnel to do the New 
York study. 

A brief outline was developed as the basis for preparing a manual for 
planning sewers for suburbs. Negotiations were completed with the state 
health departments of Washington, Texas and Kansas to release personnel 
for the study of specific areas. A two-day orientation meeting was held at 
Lawrence, Kansas. Two weeks were spent in studying the Seattle and Houston 
areas. 

The Public Health Service cooperated generously. Also it allowed three of 
its officers to participate in the orientation period. A Kansas City consulting 
engineer with extensive experience, and personnel from Oklahoma University, 
Kansas University and the Kansas State Board of Health completed the orien- 
tation staff. 

Informal arrangements were made with the Chairman of the ASCE City 
Planning Division for liaison and occasional consultation regarding the subur- 
ban sanitation project in the local areas where surveys are being made. 


New Activities Planned: 


It is expected that the Seattle and Houston fieid studies will be completed 
by September 1. Messrs. Reid and Shull will spend the first two weeks in 
September analyzing and preparing the data from the two field studies. 

A winter meeting of the full committee is planned to review the field 
studies and to rework an advanced draft of the task force report. 


Committee on Revision of Manual No. 19 - Design of Water Treatment Plants. 


(Joint Committee with the American Water Works Association, Inc.). 


Chairman: Ray L. Derby 
Contact: Richard Hazen 


Members 
W. W. Aultman J. J. Baffa 
C. A. Black H. E. Lordley 
H. O. Hartung R. L. McNamee 
R. Hazen R. C. Marz 
G. R. Scott H. L. Thompson 
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Objectives: 

To revise this manual and bring it up to date. 
Accomplishments during year: 


The revision of the manual is slowly being accomplished. It is hoped that 
this year willsee the manual near completion, 


Industrial Waste Practice 


Chairman: John E. Kinney 
Contact: E. Lawrence 


Members 


J. J. Baffa* E. Kelley 

J. E. Kinney* D. E. Bloodgood 

E. B. Besselievre* B. Dickerson 

A. D. Caster* W. W. Eckenfelder, Jr. 
J. Bethel Wm. Wise 


*Members of the 1955-56 Committee Control Group. 
Objectives: 


To study the varying requirements of industrial waste treatment; to indi- 
cate the functions in which sanitary engineers are qualified to practice; to 
prepare and stimulate such articles and manuals of practice as are pertinent 
to the attainment of these objectives. 


Accomplishments during year: 


Some reorganization of the committee with a new chairman has been 
effected. A limited survey descriptive of actual situations, based upon the 
contacts and knowledge of the individual committee members has been started. 
The plan is to summarize and examine a cross-section of present practice in 
industrial waste disposal as an aid in defining the needs and in suggesting 
means of improvement. The committee will then define its functions and 
formulate a work program in line with its stated objectives. 


New Activities Planned: 
Continuation of activities in progress. 


Sanitary Engineering Research 

Chairman: Nelson L. Nemerrow 

Contact: Richard Hazen 
Members 


C. Behn J. E. McKee 
L. Garnstrom D. B. Smith 
Ti 


Ingram R. Stone 


Objectives: 


To provide leadership in pointing out research needs, in generating inter- 
est and financial support for sanitary engineering research, and in discussing 
the relationship and utilization of specific research findings to sanitary engi- 
neering practice; and to report on the latest research developments through 
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the use of the PROCEEDINGS PAPER outlet to the division and emphasizing 
the interpretation and significance of research developments. 


Accomplishments during year: 


The committee is organized into seven Sections, namely: Industrial 
Wastes; Refuse; Stream Pollution; Sewage; Air Pollution; Water; and Public 
Health. New Heads were appointed for the sections on Water, and on Sewage. 
There has been constant communication and encouragement for the seven 
Sections tu stimulate activity. 

The following Research Reports were submitted for publication: 


Research Report No. 5 

Pilot Plant Composting of Municipal Garbage at San Diego, 
California 

Jour. San. Eng. Div. 82, SA1, 887-1 Feb. 1956 


Research Report No. 6 
Variation of Point Rainfall with Distance 
Jour. San. Engr. Div. 82, SA1, 888-1 Feb. 1956 


Research Report No. 7 
Investigation of Planned Refuse Collection and Disposal 
Jour. San. Eng. Div. 82, SA3, 1014 June 1956 


Research Report No. 8 
Treatment of Alkaline Sulfur Dye Waste with Flue Gas 
Published in Jour. San. Eng. Div. S.A. 5 1078 Oct. 1956 


Research Report No. 9 
Air Pollution Studies at Univ. of California at Low Angeles 
Will be published in Jour. San, Eng. Div. 


Research Report No. 10 
Evaluation of Water Resources of a River Basin 
Will be published in Jour. San. Engr. Div. 


Other Reports in Sewage and Stream Pollution Sections 
expected before Annual Meeting in October. 


Other work of the committee included: 


a. Corresponded with Mr. Elmer Timby of Society’s Research 
Committee in reference to new proposed Engineering Digest. 


b. Attempted to seek proposals for most needed research in the 
7 areas of Sanitary Engineering. 


c. Solicited and suggested members for Research Prize. 
New Activities Planned: 
Continue program as now organized. 
Sewerage and Sewage Treatment 


Chairman: Kerwin L. Mick 
Contact: (Richard Kennedy) 


‘ 
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Members 


F. R. Bowerman W. F. Garber 
B. Benas P. D. Haney 
G. P. Edwards L. Pearse* 


* Deceased 


Objectives: 


To submit sectionalized reports as follows: Section I - Sewerage; Section 
II - Primary Treatment; Section III - Secondary Treatment; Section IV - 
Sludge Disposal; Section V - Financing and Legal Aspects; and Section VI - 
Specialized Subjects; — one or more sectionalized reports are to be submitted 
annually and each section is to be included for reporting not less than once in 
five years. The reports shall emphasize sanitary engineering applications, 
design bases, costs, increased technical proficiency, and sound engineering 
practice. To avoid duplication of work, efforts shall be made to develop co- 
operation with other organizations serving this field. 


Accomplishments during year: 


So far this year, the committee has had one report published in the Journal 
of the SED, No. SA3, June 1956, pp. 1013-17, entitled “Advances in Sewerage 
in the Period from October 1, 1954 to December 1, 1955,” a progress report 
of the Committee of the Sanitary Engineering Division on Sewerage and Sew- 
age Treatment. 

Within the next month, the Chairman has been promised two additional re- 
ports—one on “Sludge Disposal” from Langdon Pearse*, (*Deceased) and the 
other on “Certain Specialized Subjects” by William F. Garber. 


New Activities Planned: 


Other reports are due in 1957 devoted to certain Sections on which there 
were no reports during 1956. 


Sanitary Engineering Aspects of Nuclear Energy 


Chairman: Conrad P. Straub 
Contact: Roy J. Morton 


Members 


E. F. Gloyna A. Rihm, Jr. 
Arthur E. Gorman J. G. Terrill, Jr. 
W. J. Kaufman 


Objectives: 


To advance the body of knowledge involving sanitary engineering and radio- 
logical health; to stimulate interest and activity in this field by sanitary engi- 
neers; to increase the sanitary engineer’s know-how in this field; to recom- 
mend committees for special task investigations and reports; and to 
recommend publication of manuals and papers on subjects in this field. 


Accomplishments during year: 


Although little, if anything, has been done on the Committee’s major pro- 
ject, that of defining criteria for the location of atomic energy installations, 
the Committee has been active. 
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During the past year, four installments of “Nuclear Notes” appeared in 


Civil Engineering. These covered the following subjects: 


XV. Introduction to Shielding - R. H. Ritchie - November, 1955. 

XVI. Human Tolerance to Radiation - R. H. Ritchie - December, 1955. 
XVIL Attenuation of Photons in Matter - R. H. Ritchie - January,1956. 
XVIII. Calculation for Design of Shielding - R. H. Ritchie - Feb. 1956. 


The Committee is awaiting release of information from the Oak Ridge Na- 
tional Laboratory covering the effects of radiation on materials which is be- 
ing prepared. When this is received, the “Nuclear Notes” column will be 
resumed. 

Perhaps the Committee’s major contribution was in suggesting program 
topics for the Dallas, Knoxville, and Pittsburgh meetings. At Dallas, the fo!- 
lowing paper was presented: “Fundamentals of Underground Waste Dispos- 
al”—Conrad P. Straub. At Knoxville, Messrs. Garner and Kochtitsky pre- 
sented the paper, “Radioactive Sediments in the Tennessee River System.” 
This paper was also published in the August, 1956, issue of the Journal of the 
Sanitary Engineering Division. At Pittsburgh, Messrs. Gorman, Terrill and 
Straub will present papers covering various subjects in the field of radio- 
logical health. 


New Activities Planned: 
Continue as indicated above. 
Water Supply Engineering 


Chairman: Robert D. Mitchell 
Contact: Richard Hazen 


Members 


J. D. Longwell K. R. Kennison 

G. E. Ferguson N. J. Carlock 

M. P. Hatcher T. N. Niles 

E. A. Pearson E. W. Whitlock 

M. P. Crabill R. Harris 

J. A. Borchardt R. C. Palange 
Objectives: 


To submit sectionalized reports as follows: Section I - Water Resources; 
Section II - Water Analyses and Testing; Section III - Designof Supply Works; 
Section IV - Design of Treatment Works; Section V - Distribution Systems; 
Section VI - Financing and Legal Aspects; Section VII - Specialized Subjects; 
-- one or more reports are to be submitted annually and every section is to 
be included for reporting not less than once in five years. The reports shall 
emphasize sanitary engineering applications, design bases, costs, increased 
technical proficiency, and sound engineering practice. To avoid duplication 
of technical services, efforts shall be made to develop cooperation with other 
organizations serving this field. 


Accomplishments during year: 


During the current year active work began on the preparation of sectional 
reports on the various phases of Water Supply Engineering. Late in 1955 a 
tentative schedule of reports was set up as follows: 
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Section I Water Resources Winter 1955-56 
Section II Water Analysis & Testing Spring 1958 
Section III Design of Supply Works Fall 1956 
Section IV Design of Treatment Works Not scheduled 
Section V Distribution Systems Spring 1957 
Section VI Financing and Legal - Fall 1957 
Section VII Specialized Subjects Spring 1956 


At this writing none of the reports have been submitted, although the chair- 
men of the sub-committees preparing Section I and Section !V had anticipated 
early in the summer that drafts of their reports would be in my hands during 
the summer. 


New Activities Planned: 


Continue schedule as planned to publish about two reports (Separates) per 
year. 


Preparation of a Manual of Practice on Sanitary Land Fill 


Chairman: Desso T. Mitchell 
Contact: Ralph E. Fuhrman 


Members 


P. H. McGauhey L. Weaver 
J. L. Vincenz J. Banta 


Objectives: 


To prepare a manual of practice on the design, operation and cost of 
Sanitary Landfilis. 


Accomplishments during year: 


Much of the year has been spent in collecting data for the Manual and the 
preparation of the Draft by the various Committee members. 

All members have completed their assignment and the entire manuscript 
is in possession of the chairman of the Committee. 

The entire draft must now be edited and the various sections coordinated 
in order to eliminate duplication. 


New Activities Planned: 
Complete editing and then proceed with publication. 


Preparation of a Manual of Practice on Incineration of Municipal Refuse 


Chairman: M. H. Klegerman 
Contact: Ralph E. Fuhrman 


Members 


F. R. Bowerman R. H. Ritter 
S. M. Clarke _C. A, Rogus 


Objectives: 


To prepare a manual of practice on the design, construction and operation 
of municipal refuse incinerators. 
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The Committee is active in the preparation of the manual, although many 
new ideas are being presented on refuse incineration. Present practices are 
being writtezi. 


New Activities Planned: 
It is hoped the manual will be ready next year. 


Joint Committee for the Advancement of Sanitary Engineering 


Chairman: Earnest Boyce 
Contact: Roy J. Morton 


Members 


AWWA American Water Works Association, Inc. 

APHA American Public Health Association, Inc. 

ASEE American Society for Engineering Education 

FSIWA - Federation of Sewage and Industrial Wastes Associations. 
ASCE - E. Boyce; T. R. Camp; W. A. Hardenbergh 

AWWA - W.R. LaDue; R. E. Stiemke; R. J. Faust 

APHA - M. Hollis; G. O. Pierce; C. L Sterling 

ASEE - G.H, Dunstan; J. E. Kiker, Jr.; J. C. Dietz 

FSIWA - R. E. Lawrence; R. S. Rankin; D. F. Metzler; Roy J. Morton 


Objectives: 
To advance the training and professional status of sanitary engineers. 
Accomplishments during year: 


There has been little activity of the Joint Committee on the Advancement 
of Sanitary Engineering during the past year other than that the members 
have been active in the American Sanitary Engineering Intersociety Board. 
This Board has gone forward with its organization and it is hoped to be in 
position to consider applications for certification at the Annual Meeting of the 
Board which will be held in Pittsburgh on October 19. 


New Activities Planned: 


The Board will proceed with the program of certification of sanitary engi- 
neers as described in publications of the Division (1. Sanitary Engineering 
Division Newsletter, Sept. 1954; 2. Journal of SED, Proc. of ASCE, Vol. 82, 
No. SA1, (Feb. 1956) Newsletter, p. 10v et. seq.) 

The Joint Committee as such has no immediate projects but may work on 
other problems when the need is apparent. In this way it will continue to 
function as a committee in matters of interassociation interest other than 
certification. 


EXECUTIVE COMMITTEE 


The expiration of terms of members of the Executive Committee of the 
Division is as follows: 


Roy J. Morton, Chairman 1957 Ray E. Lawrence 1959 

Richard Hazen 1958 Ralph E. Fuhrman 1956 

Richard R. Kennedy 1959 Arthur D. Caster, Secretary 1956 
Samuel B. Morris 1956 (Board Contact Member) 
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Meetings of the Executive Committee were held in New York, N. Y. 
October 23, 24 and 25, 1955; and in Kansas City, Missouri, April 6-7, 1956.. 


CONFERENCE ON TECHNICAL PROCEDURES ~ 


Roy J. Morton, Richard Hazen, and Arthur D. Caster attended the ASCE 
Conference on Technical Procedures in Kansas City, Missouri, April 7, 1956. 


NATIONAL OR REGIONAL CONFERENCES OF DIVISION 
None 


COOPERATION WITH DISTRICT COUNCILS 
None 
Respectfully submitted: 


Roy J. Morton, Chairman 
Richard Hazen 

Richard R. Kennedy 

Ray E. Lawrence 

Ralph E. Fuhrman 

Arthur D. Caster, Secretary 


OHIO’S SURFACE WATER RADIOACTIVITY MONITORING PROGRAM 


The construction of four nuclear energy installations in Ohio during the 
past few years and present planning for additional installations of this type 
have brought concurrent responsibilities to State Officials for the protection 
of surface waters from excessive contamination by radioactive materials. 
That the State intends to fully assume these responsibilities is well exempli- 
fied by Governor Lausch’s recent Conference on Atomic Energy and by the 
existing and expanding control program of Ohio’s Chief Sanitary Engineer 
Fred H. Waring. 

The four installations referred to above include uranium refining plants at 
Fernald and at Portsmouth, the Mound Laboratory at Miamisburg, and the 
Battelle Institute test reactor near West Jefferson. An additional test reactor 
has been proposed for construction at Sandusky on Lake Erie. Present instal- 
lations are located on the Miami River, the Sciota River, and its tributary Big 
Darby Creek. 

A routine water sampling program for the determination of the radioactivi- 
ty of the Miami River, Sciota River, and Big Darby Creek was commenced in 
January, 1956, though a sampling schedule for the Miami River in the vicinity 
of Fernald and the Mound Laboratory has been in effect since July, 1953. 
Samples are taken once monthly from stations bracketing nuclear energy in- 
stallations and from additional stations established on headwater tributaries 
where necessary to determine the natural background radioactivity. This in- 
volves a total of 17 sampling stations. In addition, monthly samples have been 
taken since January, 1956, from one station on Plum Creek and six stations in 
Sandusky Bay and Lake Erie in preparation for the proposed new test reactor 
at Sandusky. 

The systematic sampling schedule in effect for existing and proposed nu- 
clear energy installations has been supplemented by radioactivity analyses 
instituted as early as 1953 on water samples taken from municipal ground and 
surface water supplies for annual Health Department chemical analyses. 
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The background total radioactivity of surface waters has been observed as 
high as 1.4 x 10-7 microcuries per ml. and as low as 0.09 x 10-7 microcuries 
per ml. The Radioactivity level of the Miami River, Sciota River, or Big 
Darby Creek downstream from nuclear energy installations has not been af- 
fected to any appreciable degree by these installations. At low water, when 
turbidity is peer absent, the total radioactivity has averaged about 0.5 
to 0.6 x 10-‘ microcuries per ml. The increase in total radioactivity, with a 
few exceptions, has been only slight. This indicates that the control opera- 
tions of these particular installations have been good. 

The effect of radioactive fall-out from nuclear weapons testing in the 
United States and in the Pacific area has been measured by analyses con- 
ducted at the Columbus water purification plant on the Sciota River and rain 
water. An increase in radioactivity due to fallout was detected in the rain 
water and river water samples. The total radioactivity in suspended form in 
the river water reached a high as 7.0 x 10-7 microcuries per ml., while that 
in solution was 2.2 x 10-7 microcuries per ml. The total radioactivity of the 
treated water served to the City of Columbus did not exceed 0.25 x 10-7 mic- 
rocuries per ml., however. 

Analytical equipment used for radioactivity analyses is identical to that 
used by the Public Health Service at its Robert A. Taft Sanitary Engineering 
Center in Cincinnati. The technical staff of the Center assisted Mr. Waring’s 
staff in a consultative capacity in the selection of equipment, analytical 
methods, and sampling procedures. 


CLEVELAND FIRES SALVO AT FRINGE-AREA PROBLEM 


Fringe area water and sewage disposal problems currently plague nearly 

every rapidly growing city in this country. Many varied efforts have been 

made to solve these problems, but it is believed that the City of Cleveland, 

Ohio, has taken action of a nature heretofore unique in this area of interest. 
Cleveland recently passed an ordinance which states that: 


“On and after October ist, 1956, no approval of the City of Cleveland 
pursuant to the terms of any contract for the furnishing of water, or 
otherwise, shall be given for the construction of new water mains, exten- 
sions thereof or connections thereto to be supplied with water furnished 
by the City of Cleveland in any area of Greater Cleveland not provided 
with sanitary sewers and sewage treatment facilities approved by the 
State Board of Health, unless the construction of the necessary sanitary 
sewers and State Board of' Health approved sewage treatment facilities 
are included as part of said area improvement. No water shall be sup- 
plied by the City of Cleveland *o or through any water main, extension 
thereof or connection thereto, the plans for which have not been approved 
by the Director of Public Utilities.” 


This represents a courageous and straightforward counterattack on the 
problem at its source. Every sanitary engineer will be watching the results 
with interest. 


SANITARY ENGINEERING RESEARCH AT PURDUE UNIVERSITY 


The sanitary engineering research program at Purdue University is under 
the direction of Professor Don E. Bloodgood. At the present time, research 
is being conducted on projects concerned with the mechanisms of sewage 
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treatment by trickling filters, the control of chemical coagulation in the 
breaking of oil emulsions, the effect of strawboard sludge deposits on 
streams, and the treatment of cyanide wastes by activated yeast. 

Trickling filter research is being sponsored by the National Institutes of 
Health of the Public Health Service and by a group of trickling filter under- 
drain manufacturers. The N.I.H. project has been concerned with measuring 
the metabolic activities of the organisms found on trickling filter stones. To 
do this, an apparatus has been constructed that automatically measures the 
quantity of oxygen utilized by the biologic film found on the media of an ex- 
perimental laboratory filter. The amounts of uxygen utilized by the film have 
been measured at different rates of sewage flow. At present the data is being 
analyzed to determine the effects of sewage temperature, initial strength, and 
rate of application on the rate of oxygen utilization, 

A group of trickling filter underdrain manufacturers are sponsoring re- 
search to study methods to increase the organic removal efficiency of trick- 
ling filters. Preliminary studies show that the organic removal efficiency 
may be improved by increasing the length of time that the waste is in contact 
with the biologically active film on the surface of the filter media. These 
studies also indicate that the initial concentration of organic material in the 
waste is an important factor in determining the removal efficiency. Further 
studies are presently being conducted to determine the relationship between 
contact time and initial concentration of organic matter and their effect on 
efficiency of removal of organic matter. 

The National Lime Association is sponsoring research directed at devel- 
oping a more scientific method of controlling the operation of a chemical 
coagulation process employed in the breaking of oil emulsions. The important 
factors that influence the efficiency of this process are pH, kind and amount 
of chemical coagulant, rate and sequence of chemical additions, mixing pro- 
cedures and temperature. Studies are presently being conducted to determine 
the effect of each of these factors. In addition to these studies, work is being 
done to find some chemical or physical property of a waste oil emulsion that 
can be used as an indicator of the optimum chemical dosage required for 
clarification of the waste. At present the only procedure employed for deter- 
mining this dosage is trial and error. 

Strawboard waste research, sponsored by the National Council for Stream 
Improvement, is directed at determining the effects of strawboard sludge de- 
composition on the natural characteristics of a stream. Wastes from the 
manufacture of strawboard contain organic solids which may form sludge 
deposits in a receiving stream. After a period of time, these sludge deposits 
may decompose and place large oxygen demands on the stream. Experiments 
are being performed to obtain information about the magnitude and rate at 
which the oxygen demand occurs under aerobic and anaerobic conditions. 

Research being conducted on the treatment of cyanide wastes by activated 
yeast is based on the fact that cyanide can be complexed with cytochrome 
oxidase and cytochrome peroxidase, enzymes prevalent in activated yeast cul- 
tures. If complexing can be accomplished by a practical process, it may be 
possible to remove the cyanide compound or at least considerably reduce its 
toxicity. Difficulties have been encountered in developing this process; and 
experimental results, thus far, have been inconclusive. 

Studies of the fundamental factors affecting the settling of solids in a tank 
have recently been completed by Dr. William Boegly. Early work on this pro- 
ject included investigation of the effect of influent velocity on the settling 
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efficiency of the tank. Later studies were devoted to the development of 
ony methods to correlate data obtained with experimental solids to that obtained 
Pa with sewage solids. As a result of this work, an empirical equation was de- 
- rived for a sedimentation tank relating influent velocity to stilling length. 


GRADUATE STUDIES IN AIR POLLUTION OFFERED BY FLORIDA 


A new series of graduate courses is being offered by the Department of 
Civil Engineering, University of Florida, to fill the needs of students who 


ca wish to specialize in air pollution control. Since these are regular graduate. 


courses, the usual regulations of the Graduate School apply. Members of the 
research and teaching staff who are instructing in the courses have experi- 
ence on air-pollution research projects as well as consulting work with 
government agencies and on industrial problems. 

The course entitled Atmospheric Pollution is available for graduate stu- 
dents in sanitary engineering or sanitary chemistry, and for others who may 
be qualified. It is a study of the atmosphere as a place of disposal of certain 
industrial and community effluents. Topics covered in the course include ef- 

fects of air pollution on man and his environment; relation of air pollution to 
other fields of sanitary engineering; classification of airborne wastes; effect 
of micrometeorological factors on dispersion; problems of surveying and ap- 
praising air pollution; and abatement programs. Micrometeorology of Pollut- 


7 ant Dispersion, Air Pollution Sampling and Analysis, Air Pollution Control — Air Pollution Control 


ih Measures, Field Work in Air Pollution Control, and Evaluation of Engineering 
a Data constitute the core of courses. Other sanitary engineering courses may 


be used to complete the course work of a major program. Depending on the 

background and interest of the student, he may select a minor such as chemis- 

try and chemical engineering, physics and mechanical engineering, or nuclear 
: science. 


LEON A. SMITH MEMORIAL PROGRAM 


7 The Wisconsin Section of the American Water Works Association, at. its 
oP 35th annual meeting in Lacrosse on September 26, paid homage to the memory 
of Leon Albert Smith, Member-A.S.C.E., and the Wisconsin AWWA Section’s 
distinguished secretary, who died on May 11, 1956, while attending the 75th 
annual meeting of the Association in St. Louis. 
Memorial resolutions prepared by the Wisconsin Section and the Madison 
Board of Commissioners were read to the assembled Wisconsin Section mem- 
bers. Paul W. Weir, President, A.W.W.A., expressed the sentiments of all of 
Leon’s friends and fellow Association members in his brief statement which 
followed the reading of the resolutions. 
| Leon Smith was born at Elgin, Dlinois, August 30, 1890. As a high school 
\] student he majored in Latin, winning a scholorship to the University of 
Chicago. While attending that institution, he was inspired to follow a career 
in engineering as a 1°<ult of a lecture by Professor Daniel W. Mead. 

His family moved to Madison, Wisconsin, where Leon entered the Univer- 
sity of Wisconsin from which he graduated in 1912 with a degree of Bachelor 
of Science in Civil Engineering. 

First employed by the City of Madison as Assistant City Engineer, he was 
made Superintendent of Waterworks in 1916 and held that position until his 
death. 
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KANSAS CITY SECTION ACTIVE 


The Kansas City Section has now completed arrangements for a Sanitary 
Engineering Conference at the Continental Hotel in that City November 19 and 
20, 1956. The program which is now firm promises an excellent conference. 
This type of activity is recommended to other Sections. 


PROGRAM 


8:00 Registration 
6th Floor, Continental Room 
No Charge 


First Session 


MONDAY MORNING 
November 19th 


Welcome by 
Louis G. Feil, President 
Kansas City Section, ASCE 


Presiding: 

Lindon J. Mvrphy 

Professor of Sanitary Engineering 
University of Missouri 

Columbia, Missouri 


GENERAL ASPECTS OF SANITARY ENGINEERING 
Ralph E. Fuhrman 

Executive Secretary and Editor 

Federation of Sewage and Industrial Wastes Associations 
Washington, D. C. 


Discussion 
Coffee Break 


INDUSTRIAL WASTE TREATMENT 
E. J. Kallin 

Ford Motor Company 

Detroit, Michigan 


Discussion 
12:00 Luncheon 


Georgian Room, 5th Floor 
Welcome by Hon. L. P. Cookingham 
City Manager 

Kansas City, Missouri 


Second Session 


MONDAY AFTERNOON 
November 19th 


Continental Room, 6th Floor 


5 
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Presiding: 

J. Kent Roberts 

Associate Professor of Civil Engineering 
Missouri School of Mines and Metallurgy 
Rolla, Missouri 


CERTIFICATION OF SANITARY ENGINEERS 
William H. Wisely 

Executive Secretary, ASCE 

New York, N. Y. 


Discussion 


ENGINEERING RESEARCH AND DEVELOPMENT IN AIR POLLU- 
TION 

Andrew H. Rose 

U. S. Public Health Service 

Chief, Engineer, Research and Development 

Cincinnati, Ohio 


Discussion 
Coffee Break 


WATER POLLUTION CONTROL 

Gordon E, McCallum 

Chief, Water Supply and Water Pollution Control Program 
U. S. Public Health Service 


Washington, D. C. 


Discussion 


Social Hour 

Georgian Room, 5th Floor 
Bar Facilities Provided 
Ladies are invited 


Thirc Session 


TUESDAY MORNING 
November 20th 


Continental Room, 6th Floor . 


Presiding: 

Dwight F. Metzler 

Chief Engineer and Director 
Division of Sanitation 
Kansas State Board of Health 
Lawrence, Kansas 


METROPOLITAN SANITARY ENGINEERING PROBLEMS 
William Q. Kehr 

Director 

Metropolitan St. Louis Sewer District 

St. Louis, Missouri 


Discussion 
10:15 Coffee Break 
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10:30 EFFECTS OF THE MISSOURI BASIN DEVELOPMENT ON RIVER 
FLOWS 
Wendell E. Johnson 
Chief, Engineering Division 
Corps of Engineers 
Omaha, Nebr. 


Discussion 


INFLUENCE OF STORAGE RESERVOIRS ON WATER QUALITY OF 
THE MISSOURI RIVER 

Glen J. Hopkins 

Regional Engineer 

U. S. Public Health Service 

Kansas City, Missouri 


Discussion 
Luncheon 
Georgian Room, 5th Floor 


Speaker, Arthur D. Caster 
Secretary, Sanitary Engineering Division, ASCE 


DID YOU KNOW THAT — 


Professor Robert E. Stiemke, Director of the School of Civil Engineering, 
Georgia Institute of Technology has been touring the British Isles and the 


continent of Europe by auto. He is visiting and inspecting the facilities at 
various Universities in Scotland, England, Denmark, Sweden, Norway, The 
Netherlands, Belgium, Germany, France, Italy, Portugal, and Spain. Mrs. 
Stiemke, their children, and his parents accompanied him. They departed 
from Atlanta about the middle of June and were expected to return the latter 
part of October. 


* 


Dr. E. R. Hendrickson, Associate Professor at the University of Florida, 
was on duty for two months this summer with the Public Health Service, as- 
signed to the State Health Department of Washington in Seattle. The assign- 
ment was to inaugurate and direct a study to evaluate the air pollution prob- 
lem in the State of Washington. An appraisal of the various factors influencing 
air pollution was begun, and the study will culminate in a report to the State. 


* 


Robert L. McNamee, Member-—A.S.C.E., and Partner of McNamee Porter 
and Seeley, of Ann Arbor, Michigan, was nominated for the George Warren 
Fuller Memorial Award by the Michigan Section, A.W.W.A., at its annual 
meeting in Kalamazoo on September 13. This award was made primarily in 
recognition of Mr. McNamee’s leadership and guidance as Chairman of 
A.W.W.A.’s Committee for the Revision of the Chapter on Filtration of 
A.W.W.A.’s Manual “Water Quality and Treatment.” 

Earnest Boyce, Member—A.S.C.E., and Professor of Sanitary Engineering, 
University of Michigan, and Robert L. McNamee were presented with life 
memberships in A.W.W.A. by the Michigan Section at this meeting. 


* 
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C. M. Everts, Jr., Director, Division of Engineering and Sanitation, Ore- 
gon State Board of Health, has been granted leave and is in Washington, D. C., 
heading up the Sewage Works Grant Program. 


if 
B The national A.W.W.A. George Warren Fuller Award will be received by 
7 E. L. Filby at the 1957 annual meeting at Atlantic City. This award is pre- 
sented for outstanding leadership and distinguished service in the water sup- 
ply field. 
* * 


Gordon E. Mau, formerly Chief of the Water Pollution Section of the Kan- 
sas State Board of Health, has accepted a position with the Ediger Engineer- 
ing Co., Wichita Consultants. Carl Hodgkinson, formerly the District Engi- 
neer at Dodge City, Kansas, will succeed Mr. Mau. 


* 


Roger James, Engineer with the Washington State Health Department, while 
working onhis M.S. in Sanitary Engineering at the University of California, 
was elected to membership in Delta Omega (Public Health Honorary) and 
Sigma Xi. 


** 


At the meeting of the Pacific Northwest Sewage and Industrial Wastes 
Association at Boise, Maho, October 4 and 5, the following officers were 
elected: 


President, A. J. Wahi, Superintendent of Sewage Works, Boise, Idaho 

Vice President, Trumbull Smith, Manager, Wallace and Tiernan, Seattle 

Secretary-Treasurer, G. H. Dunstan, Professor of Sanitary Engineering, 
State College of Washington 

Director, H. Loren Thompson, Consulting Engineer of Portland, Oregon 


* 


A very active committee for the promotion of water pollution control legis- 
lation, under the chairmanship of Robert P. Weatherford, Mayor of Inde- 
pendence, Mo., has drafted a tentat‘ve bill for presentation to the 1957 
Missouri Legislature. Every group . inceivably interested in water pollution 
control is represented on the committee, including garden clubs, labor groups, 
PTA’s, the Missouri Water and Sewage Conference, the AWWA Missouri Sec- 
tion, the MSPE, etc. The tentative bill is now being discussed with various 
civic and industrial leaders in order to obtain comments and/or suggested re- 
visions. It is hoped that by this prediscussion of the draft the fate which pre- 
vious bills have met can be avoided. 


* 
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Alex Alexander is now Sanitary Engineer, U. S. Public Health Service at 
Denver. He was formerly with the 'daho Health Department. 


* 


E, F. Eldridge, Director and Chief Engineer, Washington Pollution Control 
Commission and Robert O. Sylvester, Associate Professor of Sanitary Engi- 
neering, University of Washington, are serving as consultants to Japanese in- 
terests planning a pulp development near Sitka, Alaska. 


Emil C. Jensen, Chief, Division of Engineering and Sanitation, Washington 
State Department of Health, was chosen Vice President of the Federation of 
Sewage and Industrial Wastes Association succeeding John W. Cunningham, 
Consulting Engineer of Portland, Oregon, who resigned because of ill health. 


* 


William P. Hughes, Urban Engineer, Idaho State Highway Department, was 
honored by a presentation of a portfolio of letters at the annual meeting of the 
Pacific Northwest Sewage and Industrial Wastes Association at Boise, Idaho, 
October 5. He was formerly City Engineer of Lewiston, Idaho, and has been 
interested in water works and sewage works problems for many years. 


* * 


Robert L. Stockman, Engineer with the Washington State Health Depart- 
ment, is heading up a new program on air pollution and radiation. 


* 


PUBLIC HEALTH TRAINEESHIPS 


The initial year of the traineeship awards program got off to a good start 
in spite of the fact that the Health Amendments Act of 1956 and the conse- 
quent appropriation did not clear the Congress until the last of July. In the 
month and a half before the start of the 1956-57 academic year in mid- 
September, more than sixty applications were received from engineers, sani- 
tarians, biologists and chemists. A total of thirty-nine applications were ap- 
proved for award, including 21 engineers, 14 sanitarians and 4 chemists and 
biologists. In addition to these thirty-nine awarded directly by the Public 
Health Service, the awards to Schools of Public Health have provided trainee- 
ships to an additional six sanitarians, two chemists and one engineer. 

Participation in the program has been nation-wide with twenty-three 
States represented by those receiving awards and nineteen different schools 
where they are taking their training. 


* 


The meeting of the Conference of Federal Sanitary Engineers was held 
with the Sanitary Engineers Section of the Association of Military Surgeons 
November 13, 1956, at the Statler Hotel, Washington, D. C. The program 
was as follows: 
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JOINT MEETING PROGRAM 


Sanitary Engineers Section, Association of Military Surgeons 
and the 
Conference of Federal Sanitary Engineers 


Presiding - Lt. Colonel Floyd L. Berry, MSC, USA 
Preventive Medicine Division, Office of the Surgeon General, 
Department of the Army, Washington, D. C. 


December, 1956 


Meeting called to order 

Opening Remarks by MR. GORDON E. McCALLUM 

President, Conference of Federal Sanitary 
Engineers 

U. S. Public Health Service 


Washington, D. C. 


KEYNOTE - EXPANDING HORIZONS OF SANITARY ENGINEERING 
Mark D. Hollis, Ph.D. 
President Elect, Conference of Federal Sanitary Engineers 
Assistant Surgeon General and Chief Eagineer 
U. S. Public Health Service 
Washington, D. C. 


REMOVAL OF CBR CONTAMINANTS FROM WATER 
Mr. Harry N. Lowe 


Chief, Sanitary Engineering Branch i 
Engineer Research and Development Laboratory 
Fort Belvoir, Virginia Vf 
THE AIR POLLUTION PROGRAM OF THE PUBLIC HEALTH SERVICE 
Mr. Vernon G. MacKenzie if 


Assistant Chief for Research and Development 
Division of Sanitary Engineering Services 

U. S. Public Health Service 

Washington, D. C. 


REPORT from the National Society of Professional Engineers 
Colonel M. J Blew 
National Society of Professional Engineers 
Washington, D. C. 


IS INDUSTRY OUTBIDDING GOVERNMENT FOR SANITARY ENGINEERS? 
Mr. Edmund J. Laubusch 
Sanitary Engineer Representative 
The Chlorine Institute, Inc. 
New York 17, N. Y. 


REPORT from CFSE Secretary- Treasurer 
Lt. Colonel Alvin P. Meyer, Jr., USAF 
American Sanitary Engineering Inter-Society Board 
Omaha, Nebraska 


CONFERENCE MATTERS 
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ASCE Sanitary Engineering Division 


Please cooperate by sending news items of interest to: 


Paul W. Reed, EDITOR 


Division of Sanitary Engineering Services 


Public Health Service 


Department of Health, Education, and Welfare 


Washington 25, D. C. 


ASSISTANT EDITORS: 


John S. Bethel, Jr. 
Metcalf & Eddy 
Statler Bldg. 
Boston 16, Mass. 


J. W. Clark 


Department of Civil Engineering 


New Mexico A & M 
State College, New Mexico 


Gilbert H. Dunstan 


Department of Civil Engineering 
Washing State Institute of Technology 


Pullman, Washington 
E. R. Hendrickson 


Department of Civil Engineering 


University of Florida 
Gainesville, Florida 


David H. Howells 

U. S. Public Health Service 
69 West Washington St. 
Chicago 2, Dlinois 


Harold J. Karsten 
Infilco, Inc. 

6315 Brookside Plaza 
Kansas City, Missouri 


D. G. Larkin 
512 Sixteenth Street 
Oakland 23, California 


Gerald Palevsky 
61 Kalda Avenue 
New Hyde Park 

New York 
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PROCEEDINGS PAPERS 


- The technical papers published in the past year are identified by number below. Technical- 
division sponsorship is indicated by an abbreviation at the end of each Paper Number, the 
symbols referring to: Air Transport (AT), City Planving (~P), Construc. ion (CO), Engineering 
Mechanics (EM), Highway (HW), Hydraulics (HY), Irnigation and tioinage (IR), Power (PO), 
Sanitary Engineering (SA), Soil Mechanics an4 F.1d, ons (SM), Strw tera (ST), Surveying and 
Mapping (SU), and Waterways and Harbors (WW, division... apr epc:sored by the Board of 
Direction are identified by the symbols (BD). Fox vitles afc orde~'e' pons, refer to the appro- 
priate issue of “Civil Engincering.” Beginning with Volume $2 (Jaouary 1956) papers were 
published in Journals of the various Technical Divisions. To locate papers in the Journals, the 
symbols after the paper numbers are followed by a numeral designating the issue of a particular 
Journal in which the paper appeared. For example, Paper 861 is identified as 861 (SM1) which 
indicates that the paper is contained in issue 1 of the Journal of the Soil Mechanics and Founda- 
tions Division. 

VOLUME 81 (1955) 


DECEMBER: 842(SM), 843(SM)°, 844(SU), 845(SU)°, 846(SA), 847(SA), 848(SA)°, 849(ST)®, 
850(ST), 851/ST), 852(ST), 853(ST), 854(CO), 855(CO), 856(CO)®, 857(SU), 858(BD), 859(BD), 
860(BD). 


VOLUME 82 (1956) 


JANUARY: 861(SM1), 862(SM1), $62(EM1), 864(SM1), 865(SM1), 866(SM1), 867(SM1), 868(HW1), 
869(ST1), 870(EM1), 871(HW1), 872(HW1), 873(HW1), 874(HW1), 875(HW1), 876(EM1)°, 877 
(Hw1)*, 878(sT1)°. 


FEBRUARY: 879(CP1), 880(HY1), 881(HY1)°, 882(HY1), 882(HY1), 884(IR1), 885(SA1), 886(CP1), 
887(SA1), 888(SA1), 889(SA1). 890(SA1), 891(SA1), 892(SA1), 893(CP1), 894(CP1), 895(PO1) 
896(PO1), 897(PO1), 898(PO1), 899(PO1), 900(PO1), 901(PO1), 902(AT1)°, 903(IR1)°, 904 
905(SA1)°. 


MARCH: 906(WW1), 907(WW1), 908(WW1), 909(WW1), 910(WW1), 911(WW1), 912(WwW1), 913 
(WW1)°, 914(ST2), 915(ST2), 916(ST2), 917(ST2), 918(ST2), 919(ST2), 920(ST2), 921(SU1), 
922(SU1), 923(SU1), 924{ST2)¢. 


APRIL: 925(WW2), 926(WwW2), 927(WW2), 928(SA2), 929(SA2), 930(SA2), 931(SA2), 932(SA2)°, 
933(SM2), 934(SM2), ®35(WW2), 936(WW2), 937(WW2), 938(WW2), 939(WW2), 940(SM2), 941 
(SM2), 942(SM2)©, 943(EM2) 944(EM2), 945(EM2), 946(EM2)°, 947(PO2), 948(PO2), 949(PO2), 
950(PO2), 951(PO2), 952(PO2)°, 953(H¥2), 954(HY2), 955(HY2)°, 956(HY2), 95'7(HY2), 958 
(SA2), 959(PO2), 960(PO2). 


MAY: 961(IR2), 962(:R2), 963(C P2), 964(CP2), 965(WW3), 966(WW3), 967(WW3), 968(WW3), 969 
(WW3), 970(ST3), 971(ST3), 972(ST3)°, 973(ST3), 974(ST3), 973(WW3), 976(WW3), 977(IR2), 
978(AT2), 979(AT2) 980(AT2), 981(IR2), 982(IR2)¢ ,983(HW2), 984(HW2), 985(HW2)°, 986(ST3), 
987(AT2), 988(CP2), 989(AT2). 


JUNE: 990(PO3), 991(PO3), 992(PO3), 993(PO3), 994(PO3), 995(P0O3), 996(PO3), 997(PO3), 998 
(SA3), 999(SA3), 1000(SA3), 1001(SA3), 1002(SA3), 1003(SA3)°, 1004(HY3), 1005(HY3), 1006 
(HY3), 1007(HY3), 1008 (HY3), 1009 (HY3), 1010 (HY3)°, 1011 (PO3)°, 1012 (SA3), 1013 (SA3), 
1014(SA3), 1015(HY3), 1016(SA3). 1017(PO3), 1018(PO3). 


JULY: 1019(ST4), 1020(ST4), 1021(ST4), 1022(ST4), 1023(ST4), 1024(ST4)©, 1025(SM3), 1026 
(SM3), 1027(SM3), 1028(SM3)¢, 1029(EM3), 1030(EM3), 1031(EM3), 1032(EM3), 1033(EM3)°. 


AUGUST: 1034(HY4), 1035(HY4), 1036(HY4), 1U37(HY4), 1038(HY4), 1039(HY4), 1040(HY4), 
1041(HY4)°, 1042(PO4), 1043(PO4), 1044(PO4), 1045(PO4), 1046(PO4)¢, 1047(SA4), 1048 
(SA4)¢, 1949(SA4), 1050(SA4), 1051(SA4), 1052(HY4), 1053(SA4). 


SEPTEMBER: 1054(ST5), 1055(STS5), 1056(ST5), 1057(ST5), 1058(ST5), 1059(WW4), 1060(WW4), 
1061(WW4), 1062(WW4), 1063(WWw4), 1064(SU2), 1065(SU2), 1066(SU2)°, 1067(STS)°, 1068 
(wwa4)*, 1069(Ww4). 


OCTOBER: 1070(EM4), 1071(EM4), 1072(EM4), 1073(EM4), 1074(HW3), 1075 (HW3), 1076(HW3), 
1077(HY5), 1078(SA5), 1079(SM4), 1080(SM4), 1081(S4), 1082(HYS), 1083(SA5), 1084(SA5), 
1085(°A5), 1086(PO5), 1087(SA5), 1088(SA5), 1089(SA5), 1090(HW3), 1091(BM4)°, 1092 
(HY5)*, 1093(HW3)*, 1094(P05)°, 1095(sM4)°. 


NOVEMBER: 1096(ST6), 10V2(STS), 1098(ST6), 1099(ST6), 100(STS), LIOL(STS), 102(TR3), 1103 
NOS(IR3), NOG(ST6), NO7(ST6), 1108(ST6), 1109(AT3), 10(AT3)°, 


DECEMBER: 1113(HY6), 1114(HY6), 1125(SA6), 1116(SA6), 1117(SU3), 1118(SU3), 1119(WWS), 


1120(WW5), 1121(WW5), 1122(WW5), 1123(WW5), 1124(WW5)°, 1125(BD1)°, 1126(SA6), 1127 


(SA6), 1128(WW5), 1129(SA6)©, 1130(POS)°, 1131(HY6)°, 1132(PO6), 1133(PO6), 1134(PO6), 
1135(BD1). 


c. Discussion of several papers, grouped by Divisions. 
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